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Preface

“How did he do it?"”

The work of M. C. Escher provokes that irrepressible question. A
recurring theme as well as a device in his work from 1937 onward was,
in his words, the “regular division of the plane.” We see the jigsaw
puzzle-like interlocking of birds, fish, lizards, or other creatures in his
work; their rigid paving is usually just a fragment, a pause in a transition
from two to three dimensions, a springboard from lockstep order to
freedom. Escher confesses that the subject is for him a passion.

In his 1958 book Regelmatige vlakverdeling (Regular Division of the
Plane), he tells us much about why he uses regular division, explains
some of the geometric elements of regular division, addresses the cen-
tral question of figure and ground, and leads us through the develop-
ment of a metamorphosis of form. But when we persist in asking “*how
did he do it?”’—that is, how did he make those interlocking creatures—
we do not find answers. We do find a few tantalizing hints in that book
that Escher did study some technical papers and that he worked out his
own theory:

At first I had no idea at all of the possibility of systematically building
up my figures. I did not know any “ground rules” and tried, almost with-
out knowing what I was doing, to fit together congruent shapes that I
attempted to give the form of animals. Gradually, designing new motifs
became easier as a result of my study of the literature on the subject, as far
as this was possible for someone untrained in mathematics, and especially
through the formulation of my own layman’s theory, which forced me to
think through the possibilities. It remains an extremely absorbing activity,
a real mania to which I have become addicted, and from which I some-
times find it hard to tear myself away.

In 1960, Escher’s book Grafiek en tekeningen M. C. Escher (English
title: The Graphic Work of M. C. Escher) was published, and its many
illustrations which show his intriguing use of these regular divisions of
the plane especially captured the imagination of scientists. Escher’s peri-
odic drawings provided lessons in symmetry and his prints were seen as
striking visual statements that embodied many of the scientists” concep-
tual ideas. Symmetry is often defined as the rhythmic repetition of like
shapes, in nature or in designs made by human hands. It is a fundamen-
tal concept in both art and science, used to analyze, to create, to order,
to classify, to explain. Escher’s use of symmetry was unusual in many
respects; he did not merely fit congruent shapes together to form deco-
rative patterns, but made recognizable shapes in contrasting colors
whose interpretation challenge the viewer’s sense of perception.

In 1960, at the Fifth International Congress of the International
Union of Crystallography in Cambridge, England, Escher was invited to
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give a lecture and there was a major exhibit of his graphics and draw-
ings, especially those showing regular division of the plane. Carolina H.
MacGillavry, professor of crystallography at the University of Amster-
dam, had been instrumental in arranging this exhibit; she wanted to
bring to the attention of the crystallographic community the work that
had astonished her when she had first seen it. The subject of color sym-
metry was then quite new, and the Union commissioned MacGillavry to
write a book for students that would set forth the basic principles and
use some of Escher’s regular division drawings as illustrations. In the
foreward to that book, published in 1965, she indicated the extent of
Escher’s own investigations, which had anticipated that of crystallog-
raphers by twenty years:

Many of Escher’s periodic drawings are based on the principles of
colour symmetry. The simplest aspect of this, so-called black-white, or
anti-symmetry, was introduced in the crystallographic literature about
1930, on the occasion of a symposium on liquid crystals. Practically imme-
diately afterwards, the notion of colour symmetry fell into a twenty years
“sleeping beauty” slumber, from which it was restored to life very vigor-
ously by Shubnikov’s book on symmetry and antisymmetry (1951). Poly-
chromatic symmetry made its first appearance in the scientific literature
about 1956. During this interval, Escher throughout his career has been
much preoccupied with the problem of colour symmetry, for the reasons
he set out in his preface. The notebook in which he wrote his “layman’s
theory”” has been a revelation to me. It contains practically all the 2—, 3—,
4—, and 6— colour rotational two dimensional groups, with and without
glide reflection symmetry. . . .

Colour symmetry is so essential to Mr. Escher that there are among
his designs many more representatives of colour groups than of classical
symmetry. . . .

The notebook dates from 1942. Thus, in particular the possibilities of
the polychromatic groups were explored, and their symmetry elements
marked, before official crystallography even thought about them.

It was these paragraphs that tantalized me. Professor MacGillavry’s
book did not tell how Escher devised his interlocking creature shapes,
nor did it explain the theory in his notebooks. The purpose of her book
was to teach the basic principles of symmetry analysis of colored peri-
odic drawings according to the classification system developed by crys-
tallographers. Escher’s drawings made the exercise both more challeng-
ing and more enjoyable than simple geometric designs.

I still wanted to know how Escher did it. And that is what this book
is about.

It is an extraordinary story of an artist who was captivated by the
rhythm and interplay of repeating forms and who, frustrated with his
naive attempts to create his own interlocking designs, sought and found
in mathematics the fundamental keys to unlock the secrets of such pat-
terns. His tenacious desire to understand the rules by which such pat-
terns are governed was not satisfied, but only deepened by his study of
the technical papers. The systematic analysis of such patterns by scien-
tists addressed their concerns, not his, and so he embarked on funda-
mental mathematical research. He systematically explored the possibili-



ties of regular division of the plane more fully than the mathematicians
and crystallographers had done and developed his “layman’s theory” in
order to own the knowledge. Escher’s theory, recorded in his notebooks
of 1941-1942, was never published; it was never meant to be explained
or taught as an alternative classification system for regular divisions of
the plane. It was simply for Escher’s own use.

The notebooks are reproduced here, with translation and explana-
tion—a witness to the originality and insight of his thorough investiga-
tions. But there is more; to tell only about Escher’s systematic investiga-
tions of the possible shapes for tiles that interlock and the ways in
which they fit together would only be to show the engineering aspect of
his designs. Although he began with geometric skeletons, his wit and
imaginative skill transformed them into living forms. From 1937 to 1971,
he produced about 150 polished color drawings of interlocking patterns;
most show whimsical creatures and each is classified according to his
system. All these drawings are shown here, many published for the first
time. Although the colored drawings are surprisingly beautiful, they
were never viewed by Escher as finished works of art. He was justifiably
pleased with them, displayed some of them at exhibitions of his work,
showed slides of them in his lectures, and included pictures of them in
his books, but in so doing, he always referred to them as “preliminary
drawings.”

Escher’s work on regular division of the plane went beyond the
scientific task of discovery and cataloging and beyond the design task of
the creation of regularly repeating interlocking patterns. The work of
Escher the mathematician and Escher the designer was always prepara-
tory to the work of Escher the graphic artist. His finished work using
regular division takes many forms and often gives visual expression to
abstract concepts. The story is only complete when we read his thoughts
about how and why he used these interlocking designs and see the
many ways in which he utilized them in executed works—in graphic
prints, on tiled columns, in ceiling and wall decorations, on surfaces of
spheres.

Escher’s work on regular division of the plane is only one part of his
richly varied, prolific outpouring of graphic work and drawings. This
book is devoted to that part which, according to Escher, was “the richest
source of inspiration I have ever struck.”

Thanks and acknowledgments

From the time I first viewed Escher’s body of work on the regular divi-
sion of the plane (in 1976), it has been my hope to make this work
known and to tell the story behind it. At that time, the notebooks,
sketchbooks, and folio drawings, as well as other archival materials,
were owned by the Escher Foundation with the Haags Gemeente-
museum serving as custodian. In 1980, the Escher Foundation was dis-
solved, and subsequently this work was sold to various parties. The
body of Escher’s work on regular division of the plane that once existed
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as a whole is now fragmented. The original drawings and notebooks are
on four continents and more than half the material is privately owned.
This book attempts to reunite that body of work and tell its story from
Escher’s point of view. The task could not have been made possible
without the generous cooperation of many people and the encourage-
ment and support of many others who shared my vision. I especially
want to thank Carolina MacGillavry for her inspiration and hearty en-
couragement.

I am grateful to the Haags Gemeentemuseum in The Netherlands
and to the National Gallery of Art in Washington, D.C., for allowing me
to research the materials in their respective Escher archives, and to
members of their print room and library staffs whose cooperation and
assistance in providing requested materials made my task a pleasant
one. The many articles and folios of correspondence in those collections
provided a rich source from which to draw Escher’s personal thoughts
and comments on his work.

The most essential materials for this book were Escher’s original
sketches, graphic works, study workbooks, theory notebooks, and, of
course, drawings of regular divisions of the plane. [ appreciate the coop-
eration of the primary owners of these materials, the Haags Gemeen-
temuseum and Michael S. Sachs, in allowing me to study their respec-
tive collections and for arranging to have professional photographs
made for publication here. I am also indebted to W. F. Veldhuysen of
Cordon Art, Masaharu Kohga of Gallery FACE, the Enschedé Museum,
the National Gallery of Art, Washington, D.C., and several other institu-
tions and private collectors who gave permission and provided photo-
graphs for publication here.

This book could not have been written without the assistance of
many colleagues and friends who helped translate the Dutch materials
into English. I am most indebted to Hans Cornet, who was my constant
companion in research at the Haags Gemeentemuseum. He also ar-
ranged for visits to many of the sites of Escher’s commissioned work in
governmental buildings and other institutions in the Netherlands,
where 1 was graciously received. Much of the quoted material in this
book is from Dutch sources that have not been previously translated into
English. Even when English translations were available, original Dutch
sources were consulted and often fresh translations were made. I am
grateful to Henk Vissers and Koen Versmissen, who prepared many of
the translations for publication, and to Marianne Bergmann, Lee Sal-
lows, Evert Lamfers, and Kees Geuze, who prepared translations of
some of Escher’s handwritten materials for my study.

Warm thanks to Cornelius V. S. Roosevelt for his more than twenty
years of collecting, documenting, and preserving a vast array of Escher
items—graphic works, drawings, articles and books, exhibition an-
nouncements and catalogs, correspondence, as well as Escher
ephemera—and donating this archival treasure to the National Gallery
of Art. For years he encouraged my research on Escher by making avail-
able Escher materials and translations of many Dutch articles (even a
translation of Regelmatige viakverdeling) long before any published trans-
lations were available.

Several people helped me to track down details not found in written



materials: George Escher, Hans Cornet, F. H. Bool, John Ribgy, Andy
Liu, George Nixon, Arthur Loeb, Martin Gardner, Michele Emmer,
Francesco Fortunato (who identified the Ravello cathedral mosaics),
Wim F. Veldhuysen, and Mark Veldhuysen. I am also indebted to those
who read and commented on drafts of the manuscript: Marianne Teu-
ber, Marjorie Senechal, George Escher, Branko Griinbaum, and Anne
Fontaine.

Generous financial support for this project was provided by Mora-
vian College and the National Endowment for the Humanities. A sab-
batical leave from teaching and a grant through the Humanities, Science
and Technology category of the NEH provided the time and funds to
travel to research sites and to prepare the book.

It has been a pleasure to work with the staff at W. H. Freeman. I
appreciate the special care that was taken by the project editor, Stephen
Wagley, the book designer, Nancy Singer, and the production coordina-
tor, Julia De Rosa. Jerry Lyons deserves special thanks for guiding this
complex project to its final realization. Throughout the two years of
labor (albeit a labor of love) on the project, an epigram by Beaumarchais—
“Les livres sont comme les enfants des femmes: congus avec volupté, menés a
terme avec fatigue, enfantés avec douleur!”—reminded me that the birth of a
book is much like the birth of a child—it just takes much longer. I thank
my husband, David, and daughter, Laura, for their support throughout
all of it.

Finally, thanks to M. C. Escher for his unique legacy which never
ceases to surprise me.

Doris Schattschneider
Bethlehem, Pennsylvania
July 1990
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CHAPTER

1

Em‘lhl/ signs

The urge to fill the plane with pieces, fitted snugly next to one another
s0 as to leave no unoccupied space, seems to have been with Escher
longer than even he could remember. In his lectures and writings, he
frequently mentioned that he had often wondered at his unusual mania
to create regular divisions of the plane. He relates that in the beginning
he puzzled quite instinctively, apparently without any well-defined pur-
pose, driven by an irresistible urge to repeat one or a few forms to fill a
page without gaps.

His compulsion to fill a space neatly with small pieces was a trait he
showed even as a boy. His son George relates the following story:

One day in the early fifties father was riding in the tramway in the
Hague when a lady passenger looked at him and asked: “Mauk
Escher?” Although he did not recognize her immediately, he soon remem-
bered her as a girl with whom he had often played when he was a small
boy. They chatted for awhile, during which conversation it appeared that
she was familiar with his recent work. Then she said: “Do you remember
the game . . . which you always played when eating your bread?”” Father
did not remember, but he was quite amused to discover that he had not
changed much. It amounted to this: the Dutch generally have two cold
meals a day in which they eat boterhammen, single slices of bread spread
with butter, then covered with slices of cheese, ham or chocolate, or pea-
nut butter, honey or other tasty food. That lady still remembered the care
with which this little boy had selected shape, quantity and size of his slices
of cheese, so that, fitted one against the other, they would cover as exactly
as possible the entire slice of bread. This particular trait never left
him. . . . [1974]

Maurits Cornelis Escher was born on June 17, 1898, in the town of
Leeuwarden, the youngest son of George and Sara Escher. Called Mauk
by friends and family, he grew up in the town of Arnhem. He had four
brothers; the two eldest, Edmond (Eddy) and Berend (Beer), were borne
by his father’s first wife Charlotte, who died shortly after Beer’s birth in
1885. His mother Sara married his father in 1892 and bore three sons:
Johan George (George) in 1894, Arnold (Nol) in 1896, and finally Mauk.
It was in Arnhem that as a young boy, Mauk received lessons in carpen-
try from a contractor’s apprentice, Van Eldik. During that time, he de-
veloped a love for working with wood and learned how to remove the
grain patiently from the surface of a plank of pear wood, a technique
that would later be of practical use in producing fine woodcuts.

From 1912 to 1918, he attended the hogere burgerschool (H.B.S., pub-
lic high school) in Arnhem. Although he was not particularly good in his
lessons in mathematics and the sciences, he absorbed the attitude and
methodological approach of the scientist at home. He once wrote in a
letter, “My affinity with the exact approach to natural phenomena is
probably related to the milieu in which I grew up as a boy: my father and
three of my brothers were all trained in the exact sciences or engineer-
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ing, and I have always had an enormous respect for these things”
[Broos, p. 30]. His father, a civil engineer, was a keenly observant and
methodical person, open and matter of fact, and he seems to have
passed these qualities on to Mauk.

During his school days, he formed friendships that would last
throughout his life. Four friends who were especially close were Bas-
tiaan (Bas) Kist, Jan van der Does de Willebois and his sister Fiet, and
Roosje Ingen Housz. Mauk, Roosje, Bas, and another friend formed an
impromptu string quartet in which he played the cello. Although he
claimed no particular musical talent, he loved music; he found it a great
source of inspiration for his work and often mentioned this in his letters
and essays.

In high school, drawing was the one subject which he enjoyed. He
preferred to draw in black and white and often made drawings at home.
He showed these drawings to his art teacher, F. W. van der Haagen,
who recognized and encouraged Escher’s talent, and taught him how to
make linoleum cuts. Escher’s first prints were mostly portraits or book-
plates; the earliest dated one, done in 1916, is of his father. He also made
a few etchings; these he felt were unsuccessful.

In the fall of 1917, then a senior at the H.B.S., Escher sent some of
his linoleum prints to the well-known Dutch graphic artist R. N. Roland
Holst and asked for his opinion. Holst sent a kind reply almost immedi-
ately and encouraged him to send further work. The following June,
Escher sent him a couple more prints. In the fall of 1918, Escher attended
lectures at the Higher Technical School in Delft in order to retake some
of his final examinations which he had failed in August, but health prob-
lems finally led him to give up his studies, and he concentrated on his
drawings. In February 1919 he visited Roland Holst, then a professor at
the Rijks-Academy in Amsterdam, and talked about his future. Roland
Holst strongly advised him to begin making woodcuts and to consider
studying architecture at the university in Zurich.

Escher immediately made a woodcut; a small piece of wood for a
bookplate was all he could afford. The design was for his close friend
Roosje and showed a single rose, together with her initials. He wrote
enthusiastically about the graphic technique in his letter to her. “It is
splendid work, but much more difficult than working in linoleum, be-
cause it is terribly hard to cut palm wood against the grain.”

Escher was further encouraged when, a short while later, the first
published review of his work—some linoleum prints he had entered in
the annual exhibition of the Artibus Sacrum society—appeared in the
weekly paper De Hofstad (The Court Capital). “The works that first attract
our attention include the beautiful woodcuts (?) by M. C. Escher, who
entered a few portraits and a sunflower, soberly executed and with a
beautiful contrast between black and white.” Escher added the question
mark to his clipping of the review; the linocuts were mistaken for wood-
cuts.

The following September Escher moved to Haarlem to attend the
School for Architecture and Decorative Arts with the intention of pre-
paring for a career as an architect. Soon after he began his classes, he
met Samuel Jessurun de Mesquita, who taught nature drawing and
graphic arts. Escher showed de Mesquita his graphic work, and the
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teacher advised him to devote his studies to the graphic arts. With the
permission of his parents and the director of the school, Escher began a
full program in the graphic arts, under the tutelage of de Mesquita.

A lifelong bond developed between Escher and de Mesquita; over
the years, their relationship matured from that of pupil and teacher to
one of deep friendship and mutual respect as younger and older col-
leagues devoted to a common profession. In 1946, in the catalog of a
retrospective exhibition of de Mesquita’s work, Escher described his
friend as graphic artist and teacher:

His work bears the marks of being able to be appreciated and under-
stood by only a few people. He always went his own way, headstrong and
sincere; he underwent the influence of others only to a small degree, but
strongly influenced the work of many younger people and especially that
of his pupils, a circumstance at which he was often annoyed when it re-
sulted in mimicry, which was all too often the case. Most of those who
came under his influence sooner or later broke away from it. Thus he
didn’t gather a following and consequently his solitary and strong person-
ality becomes even more fascinating.

Was he a “good teacher”? Many of his pupils wouldn’t like to have
missed his lessons, but he was not the ideal educator for whom teaching is
a necessity of life. He didn’t really teach, but let his pupils go their own
way and criticized their products, often mercilessly. He often indicated
clear-cut principles that were sometimes of fundamental importance for
their further development. . . .

His personality was simple, sincere and unaffected, and the woodcut,
which of all the graphic techniques forces the most restraint, was the me-
dium he was most attached to. . . .

He wasn’t afraid of chance; he would sometimes look for an accidental
aesthetic beauty, e.g., when he had printed a woodcut with black ink on
white paper (because black ink and white paper just happen to be the
materials with which books and prints have been printed for ages), then
he would wonder: what would be the effect if I'd print it with gold on
black paper? . . .

De Mesquita was mostly, 1 should say, in principle dissatisfied with a
direct print of his graphic cliché, which after all shows its mirror
image. . . . By making counterprints he came to his remarkable woodcuts
in which symmetry plays an important role, and which originated in the
following way: the sheet of paper on which a direct print has just been
made and on which the ink is still wet, is covered with a blank sheet and,
together with it, put under pressure. . . . If one now slowly pulls one
sheet apart from the other, then one sees a symmetric representation arise
of which one half is formed by a part of the direct print and the other half
by a part of the mirror image on the counterprint. De Mesquita was just
like a child with the symmetric figures of little beads and scraps of paper
like a kaleidoscope shows, so delighted with what he saw while he sepa-
rated the two prints, that several times he took the trouble of cutting in
wood the symmetric image that formed itself in its entirety. . . .

One of the most important factors of his personality in general is that
steady self-discipline, that active and alive maintenance of his criticism,
that strange intuition that makes him cease his work at the moment the
most powerful expression has been attained, so that any additional line
would weaken it. Few artists are sensitive and strong enough to be able to
tear themselves away from their work and to leave it as it is then. . . .



As he grew older and his health failed, the artist let his other work rest
more and more, but indefatigably went on with those playful fantasies for
which he finally, when he was virtually confined to his chair, used only
his sketchbook and his fountain pen.

De Mesquita taught Escher many aspects of woodcut technique and
encouraged him to experiment. Escher’s drawings and woodcuts done
during those Haarlem days show the pupil executing images under vari-
ous constraints, imposed either by de Mesquita or by himself. He did
portraits of friends and of animals, detailed and stylistic studies from
nature, and sharply geometric compositions. Always, he experimented
with technique: gouging lines in one direction to create shading and to
mold contours and using form to resolve the fundamental problem of
the graphic artist—how to use the white of the paper and the black of
the ink to define images in a composition. The white, to be gouged from
the block, and the black to be printed, must each assume, with equal
ease, the role of figure or ground, of highlight or shadow, and always
define each other’s role.

In the fall of 1921, Escher produced a series of 15 woodcuts as illus-
trations for the booklet Flor de Pascua (Easter Flower), written by his friend
Aad van Stolk. Two of these woodcuts show his budding interest in
duality on several levels. One purely geometric print, Beautiful, is com-
posed of alternating black and white triangular facets, like a cut dia-
mond, and has pure central symmetry; that is, turning the print around
180° so it is upside down does not change its appearance at all. The same
print also shows black-white duality: the black and white portions of the
composition are in balance. A second print, The Scapegoat, is divided into
black and white halves; neither can claim dominance. Beyond the level
of symmetry and contrast, this print also presents visually an eternal
philosophical duality: the devil and the saint, each a scapegoat, each
balancing the other on a pinpoint pivot.

In April 1922, Escher ended his residence in Haarlem and set out for
Florence, Italy, with his two friends Jan van der Does de Willebois and
Bas Kist. The friends had great fun and, for two weeks, drank in the
sights, particularly the Renaissance art in the many museums and
churches in that city. When his friends had to return to Holland, Escher
traveled to San Gimignano and began serious sketching. He spent over a
month traveling extensively in Italy and filled a folder with his draw-
ings. In the coming years, there would be many such trips, especially in
southern ltaly, in which Escher would explore and sketch in cities, vil-
lages, and open countryside. He would capture architectural details of
monumental buildings from unusual vantage points, portray views of
small towns clinging to mountain slopes which plunged to distant val-
leys, and record as if through a magnifying glass the tiny details of
nature—a moss, a beetle—so often trod underfoot. These sketches
would provide the raw material for him to create in his studio in the fall
and winter compositions that were a synthesis of his observations and
that were then executed as woodcuts or lithographs.

In 1931, the art historian G. ]J. Hoogewerff wrote an extensive criti-
cal review of all of Escher’s graphic work for Elseviers geillustreerd
maandschrift (Elsevier’s Illustrated Monthly) in which 17 of Escher’s prints

The Scapegoat was made for Flor de
Pascua, page 19. 1921. Woodcut,
120 X 92 mm (cat. 69).
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were reproduced. In commenting on Escher’s scenes, he said, “Every
one of Escher’s plates is a résumé, gives a quintessence, a synthesis of
observed reality and that mostly in a constructive way. And the reality
appears to be not only what can be said to have been sensed accurately,
but what has been experienced intensely. . . . If necessary, he con-
structs for himself his own world. There are undoubtedly more people
who do this, but not in such an original and efficient way.”

After that first sketching trip in Italy in 1922, Escher spent most of
his time in Italy; it was there at a pension in Ravello in 1923 that he met
Jetta Umiker and was captivated. A year later they were married in
Viareggio, and that fall they settled in Rome, where they would live for
eleven years. In 1926, their first son, George was born; Arthur was born
in 1928. During these years, Escher perfected his woodcut technique
and learned the additional techniques of wood engraving and lithogra-

Castrovalva. February 1930. Lithograph,
530 X 421 mm (cat. 132).
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phy. In his introduction to Grafiek en tekeningen (English title: The Graphic
Work of M. C. Escher), he writes of his single-minded enthusiasm to mas-
ter technique:

47 w'. ¥ TN
Anyone who from early youth has wholeheartedly surrendered him- \{’zﬁ’wj\ ’Q'ﬂ,\\“? -X Ex}
self to the study of graphic techniques may arrive at the stage where he /" “—?w Wﬁ—‘”v\v‘é\
begins to regard complete mastery of his craft as his highest ideal. The fine &é&‘ﬁéé‘?m \
points of craftsmanship take up all his time and demand his attention so S -,:}' 4,4&'1%3** e
completely that he will even make his choice of subject subordinate to and /; ;
dependent on his desire to explore some particular facet of technique. TaTA X

There is indeed great satisfaction in acquiring skill, in coming to thor-
oughly understand the qualities of the materials at hand and in learning to
use the instruments we have—in the first place, our hands!—in an effec-

tive and controlled way. [Plane-filling motif with two figures). {1920
... The period during which I enthusiastically devoted myself to or 1921]. Woodcut, 370 x 427 mm

exploring the characteristics of graphic materials and in which I came to (cat. 65).

realise the restrictions that one must impose on oneself, reaches from 1922

until about 1935. . . . During that time a large number of prints came into

being (about 70 woodcuts and wood engravings and some 40 lithographs).

Although it did not become a major preoccupation until after 1937,
when he discovered the “open gate”” of mathematics, Escher made a few
attempts in his early graphic work to satisfy his urge for filling the plane.
In 1920 or 1921 he cut a small woodblock containing two human carica-
tures; the outlines of the figures roughly filled a diamond made up of
two equilateral triangles. By rotating it about a central point and re-
peated hand-printing, Escher made a print with the block that filled out
a shape similar to a large snowflake.

He also made a lithograph of these caricatures; this print shows a
central block surrounded by eight repetitions of itself, which together
with the central block form a large rhombus. These prints show rhyth-
mic repetition of a motif, but the individual blocks do not interlock with
each other; the “cement” of black ink or colored background defines
their individuality while simultaneously holding them together.

Such simple repetitive designs give little challenge. Instinctively,
Escher turned to the creation of shapes that would fill the plane by
interlocking with one another so that the boundary between adjacent
pieces would also form their mutual contours. Even at this intuitive
stage, he imposed what to him were self-evident rules of the game: the
plane-filling shapes must be concrete, recognizable figures, and adjacent
shapes must have contrasting colors. In 1965 he wrote:

[Plane-filling motif with two figures]. (1920
or 1921]. Lithograph, 432 X 312 mm
(cat. 66).

The recognizability of my own plane-filling elements not only makes
them more fascinating, but this property is the very reason of my long and
still continuing activity as a designer of periodic drawings. . . . I myself
have always used contrasting shades as a simple necessity, as a logical
means of visualizing the adjacent components of my patterns. These two
main rules could briefly be formulated as follows: without recognizability,
no meaning and without shade contrast, no visibility.
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His first print to conform to these principles was a woodcut, Eight
Heads, made in 1922 while he was still a student at the School of Archi-
tecture and Decorative Arts in Haarlem. The single woodblock from
which it is printed is packed with eight heads, of four women and four
men, but an innocent viewer is unlikely to see them all at first glance.
The heads of two elaborately coiffed women and two foppish men, de-
fined by contrasting black and white regions, are immediately visible.
But these black and white regions, as well as their contours, serve a
double function. A 180° rotation of the print reveals the heads of two
sinister bearded men and two demure ladies. The single woodblock can
be printed contiguously above and below, to the right and left of a single
image of the block of eight heads, again and again, in theory at least, to
fill the plane. In the print that is shown, the basic block is at the center of
the print, and eight parts of the block have been printed surrounding
the central block so as to create a rectangle in which each different head
is repeated four times.

Although many prints Escher made while at the Haarlem school
show his interest in symmetry of various kinds, at that time he made no
other print showing regular repetition.
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The fascination of regular division of the plane

In the fall of 1922, after leaving Haarlem, Escher embarked on his first
sea voyage by freighter, a trip from Amsterdam to Tarragona in Spain.
He found it marvelous and would repeat this relaxing and adventurous
form of travel several times over the years. Once in Spain, he journeyed
by train to several cities, and in Granada, visited the beautiful Alham-
bra, a fourteenth-century palace which had been built to serve as an
aristocratic and administrative center for the last Moorish court in Spain.
There he saw for the first time the decorative majolica tilings and stucco
designs that encrust many surfaces of the buildings and was surprised at
his own reaction. The great wealth of decoration, the dignity and simple
beauty of the whole place moved him. However, he noted in his diary,
“The strange thing about this Moorish decoration is the total absence of
any human or animal form—even, almost of any plant form. This is
perhaps both a strength and a weakness at the same time.” He spent an
afternoon carefully sketching an intricate star-burst tile design that fasci-

WAND MOSAT K

IN HET ALHAMBRA

FWARE GROOTTE
20-10-"22

=3

Escher’s sketch of a portion of
a wall mosaic in the Alhambra,
20 October 1922. Watercolor
and ink, 210 x 258 mm.
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nated him by its “great intricacy and geometric artistry”’; that evening he
worked on the sketch in his hotel room and finished it the next morning.

Escher wrote in an article in the art periodical De Delver (The Digger)
in 1941, “The problem of how to fit congruent figures together . . . —
particularly when the shape of such figures is meant to arouse within the viewer
associations with an object or natural form-—began to intrigue me even more
after my first trip to Spain in 1922. Although my interest at that time was
mainly focused on free graphic art, every now and then I would return
to the mental gymnastics of my puzzles.”

It was sometime between 1924 and 1926 that Escher again at-
tempted plane-filling designs, this time with a single animal figure. In a
lengthy article, “M. C. Escher en zijn experimenten’” (M. C. Escher and
His Experiments”), published in De vrije bladen (The Free Press) in 1940,
the art critic ‘s-Gravesande gave the following account:

He left this hobby alone for a few years, but returned to it in 1925 or
1926. At that time he tried one single closed contour, in the shape of a
lion-like animal repeating itself on the picture plane. The animal motif can
be viewed from two directions by turning it 180° around a vertical axis and
it fills the plane without leaving any intervening space. This was the first
effort to systematize, though Escher himself told me that he really did not
yet understand what he was doing.

He printed this motif—as well as the heads [Eight Heads]—several
times on cloth, and exhibited it among other places in Rome in 1926 and in
Amsterdam, but it was not very successful. Somewhat discouraged, he
dropped this approach, all the more so because such a simple lion-motif
had cost him a great deal of trouble and time.

Escher briefly mentions this disappointing attempt in his own arti-
cle in De Delver the following year:

About 1924, for the first time I printed on cloth a single animal motif
cut out of wood which repeats itself according to a certain system, thereby
adhering to the principle that no blank spaces may occur. I needed at least
three colors; with each in turn I rolled my stamping block in order to
contrast one motif with its adjoining congruent repetitions. I exhibited this
cloth together with my other work, but I did not have any success with it.

Escher made at least two versions of two different animal prints on
fabric; they seem to have been intended as furniture scarves, fringed or
bound on the edges. The first design, shown here printed with silver
and gilt ink on black satin, was also printed in another version on red
satin. Its docile animal motifs resembling dogs were called “lions” by
Escher. The second design, whose motifs more nearly resemble lions, is
on a very long scarf of ivory silk of which just a portion is shown; a
second print was made on a rectangle of turquoise satin.

Although the published articles do not mention it, it is likely that
Escher also produced a third fabric print during this time, a large wall-
hanging of bats. It is printed on black satin in exactly the same manner
as the other two fabric prints, but the color scheme is more elaborate.
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Some of the bats are gold, some silver, and some the black of the fabric,
but Escher then overlaid the metallic ink of some of the motifs with
transparent red, blue, or green, so that the bats occur in six different
colors. It is quite possible that this motif was inspired by designs Escher
saw in the Alhambra in 1922; motifs with similar outline are common
there in decorative designs having the same symmetry. (See, for exam-
ple, Escher’s illustration 5, page 32, which he found in the Alhambra,
and sketched in 1936.)

For each of these prints, Escher carved woodblocks with a single
motif, but in two versions: one to print a colored figure on the fabric, the
other to turn a surrounded patch of fabric—the ground—into a figure
by printing just the interior detail lines. For the lion print, two pairs of
blocks were carved to stamp both the image and the mirror image of the
creature. In the print shown here, the motifs occur in four different
positions, each position identified by a designated color; this arrange-
ment required the use of only three of the four carved blocks. To create
the prints on fabric, Escher hand-printed each motif in an interlocked
array of repeated creatures; the lower corner of each of these prints bears
the same imprint from another carved block: “HANDDRUK MCE”
(“hand-printed MCE").

About ten years later the first pattern of “lions” would become
number 1 of Escher’s periodic drawings, and the second design of lion-
like figures would be reworked and become number 2. In printing the

first design on fabric, the individual “lions” were made to interlock with Top left: Hand-printed “lion” pattern
each other by turning the block 180°—thus the symmetry present in this on satin, ¢. 1926. Gold and silver on
design is the same as that in Escher’s woodcut Eight Heads. Here, how- black, 705 x 1022 mm (fabric). Top
ever, turning the printed rectangle of fabric does not reveal any new right: Detail of hand-printed lion
images; the pattern looks just the same right side up or upside down. pattern on silk, c. 1926. Red, blue, and
Although Escher obviously derived great personal pleasure from gold on ivory, 595 x 1890 mm. Above:
creating these hand-printed designs, it is not surprising that they were Hand-printed bat pattern on satin,
““not successful”” when exhibited. Of all his prints involving regular divi- c. 1926. Gold, silver, red, green, and

sion, these are perhaps the closest to “pure” regular repetition, like blue on black, 1460 x 946 mm.
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Twelfth-century pulpit in Ravello
cathedral, designed by Nicola
di Bartolomeo of Foggia. Escher’s

drawing of mosaic bands (facing page,
upper left) are from this pulpit.

wallpaper. Only the individuality of the motifs at the edges of the design
reveals that these were not printed by a roller. It is likely that this quality
of strict regularity was largely responsible for the disinterest they re-
ceived when on exhibit. Regular repetitive design, even with unusual
motifs, is perceived as primarily static decoration, not to be a focus of
interest, but rather to provide a bit of color and texture to otherwise bare
walls, floors, and furniture surfaces. Only those who share the passion
for creating interlocking motifs will give such pieces more than a passing
glance.

In addition to the decorative printed fabrics, in 1926 Escher de-
signed majolica tiles which were manufactured for the floor of the family
apartment in Rome, as well as for his studio on the floor above. The
design, painted on white tiles, was a geometric meander, interlacing
two different colored ribbons that twisted on a path of many right-
angled turns and filled out a large square. It could well have been in-
spired by similar designs which he had seen in the Alhambra. In 1942 he
recorded the designs of the four individual tiles, as well as the scheme of
the whole tiling (see page 85). While Escher may have intended his
young sons to enjoy following the mazelike path of the ribbons, in later
years the children found additional enjoyment in the tile floor. George
recalls, “The tiles had not been properly laid and most of them had
worked loose, so that they tipped slightly when you walked on them.
For the children it was good fun to race through the house on a tricycle
because the tiles would rattle in a very satisfying way—which was less
appreciated by the people living below.” [1982, p. 45]

After his visit to Spain in 1922, Escher maintained his interest in
decorative majolica tilework often found in churches and other public
buildings and he and Jetta made several color sketches of such geometric
designs. The coastal town of Ravello where he had met and courted Jetta
in 1923 was a favorite summer vacation site for the family, and they
returned there several times while they lived in Rome. Nearby Amalfi
was an important port in Italy during the thirteenth, fourteenth, and
fifteenth centuries, and the churches and many buildings on the Amalfi
coast reflect the influence of the Moors. In the thirteenth-century cathe-
dral in Ravello, decorative bands of geometric designs formed by color-
ful mosaic tiles encrust the ornate elevated pulpit. Escher recorded sev-
eral of these in color sketches, even to the extent of using gilt paint.
Similar decorative mosaics cover the pulpit in the Basilica of San Gio-
vanni del Toro in Ravello. Escher gathered a folder of color sketches of
geometric tile designs, several made by Jetta.

During the years in Rome, in addition to making graphic works
based on his on-site sketches of Italian scenes, Escher also produced
illustrations for two books. The first, a collection of emblemata, was a
collaborative work with G. J. Hoogewerff, Director of the Dutch Histori-

Facing page, upper left: Escher’s studies of designs on the pulpit of the
Ravello cathedral, ¢. 1923. Watercolor, ink, 278 x 201 mm. These bands of
inlaid tiles are on the facade of the elevated box. Upper right and below:
Some of the designs collected by Escher; many were made by Jetta. The
sketches are not identified, but they were likely made in and around Ravello
during summer visits, 1924-1933. Watercolor, ink, 272 x 198 mm (each).
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Design for wrapping-paper: De
Bijenkorf. September 1933. Woodcut,
60 x 88 mm (cat. 232).

cal Institute in Rome. This was a revival of a seventeenth-century form
of expression, each page containing a Latin motto, interpreted both by a
visual symbol and a four-line epigram. In his 1931 article on Escher’s
work, which included reproductions of two of the emblemata,
Hoogewerff attributed the epigrams of the emblemata to a fictitious
A. E. Drijthout, and indicated why Escher was especially suited to be
the visual interpreter: “The double pregnancy of word and image [in the
emblemata] agreed wonderfully well with the spirit of his own art.” He
concluded the article, “Possibly on becoming acquainted with his
‘emblemata,” one might again call Escher’s art ‘cerebral.” One may give
this term the meaning one desires, but in our opinion, his work in all of
its manifestations is characterized by deep reflection and true spiritual-
ity. Carried by quiet inspiration, it is born of a conviction that is as
strong as it is honest. Artin our day too rarely possesses precisely these
attributes.”

The XXIV Emblemata dat zijn zinne-beelden (24 Emblemata Which Are
Symbols) was published in 1932, and that same year, Escher was asked
by Jan Walch to illustrate a fantasy he had written many years earlier,
about the Witch of Oudewater. The book, with 19 woodcuts by Escher,
was published in 1933 as De vreeselijke avonturen van Scholastica (The Terri-
ble Adventures of Scholastica). Some of Escher’s woodcuts for these publi-
cations show his careful observation of architectural and decorative uses
of regular divisions of the plane. In his portrayal of symbolic scenes are
the details of brickwork, floor-tilings, pavements, wall coverings and
window grilles. Also in 1933, one of his hobbies, that of word puzzles,
led to his first commercial commission in decorative art. Hoping to inter-
est different department stores in original designs for wrapping paper,
he made several interlocking repeating patterns using the store name as
motif in each: De Bijenkorf, Gerzon, Zingone, Jemoli. He was successful
in selling one design to De Bijenkorf (The Beehive), and the wrapping
paper, which was a visual play on words as well, was manufactured.

Although family life was happy in Rome and Escher was successful
in his work, with numerous exhibits and purchases of his prints by
museums and collectors, residence in Italy would soon end. The politi-
cal situation was becoming increasingly ominous, and indoctrination
was reaching into the schools. In July 1935, the family left Rome for
Switzerland, where they lived for almost two years in the mountain
village of Chateau-d’Oex. It was from there, in the spring of 1936, that
Escher and his wife set out on an extensive Mediterranean journey
which proved to be an important turning point in the development of
his artistic work. Although their young boys enjoyed the new scenery
and the wintry climate of Chateau-d’Oex, the Eschers were not happy in
these surroundings, and in August 1937, they moved to Ukkel, a suburb
of Brussels. Their youngest son Jan was born there in March 1938. The
war was to uproot them once more: on May 17, 1940, the Germans
invaded Brussels. By the end of the year, they had decided to settle in
Holland, in the village of Baarn; they moved there in February 1941.

In the peaceful village of Baarn, Escher could bury himself in his
work during the war, but that reality, and especially the German occu-
pation of Holland, still left terrible memories that were fresh even
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twenty-five years later. In 1968, the Dutch journalist Bibeb interviewed
Escher at length, and his vivid recollection of those events can be felt in
his response to her final question, ““Were you able to work during the
occupation?” Escher replied:

Yes. By then I was living here [in Baarn]. My most important ideas were
worked out best during the war. I still have the greatest difficulty with the
Krauts. . . . [ was notinvolved with the Resistance, but I had many Jewish
friends who were killed. My old teacher, de Mesquita. He did not want to
go into hiding. They were Portuguese Jews and the Krauts had always
allowed that they belonged to the elite. One night they were all taken
away. His son, Jaap, a clever boy, had worked day and night. . . . He had
often gone to see the Krauts in order to talk with them about his ancestors.
They were not noble, but almost. . . . One bad day they were all gone. In
1944, during the famine winter, I wanted to bring them something, ap-
ples. . . . I walked to their house. The windows on the first floor were
broken. The neighbors said: ““You hadn’t heard? The de Mesquitas have
been taken away.”

This (a drawing) lay on the floor with the impressions of the cleats
from the Krauts’ boots. It was lying under the staircase. And in his studio
everything was a mess, everything on the floor. I took home two hundred
prints. . . . No matter what you do, you cannot forget such things. [ can-
not. . . . Taken away in the middle of the night. And he could have been
saved. I tried so hard to convince him. No he was protected, he said. Why
should he hide? Afterwards I blamed myself. But they did not wish to.
Jaap in his talks with the Krauts had produced all sorts of genealogical
registers. They were half noble. The Krauts found that impressive. They
almost never left their home. Really terrible, you know, such sweet peo-
ple, carried away like cattle to be butchered.

. . . Iowe him a great deal. He was my graphics teacher. . . . He saw
something in my woodcuts. He insisted that I go on with them. If he had
not talked with my parents, I would have gone on into architecture. And I
never really wanted to build houses. Only madhouses.

For thirty years, Baarn was Escher’s home. He spent his last two years in
nearby Laren, and died there on March 27, 1972.

An important journey

The winter of 1935-1936 in Chateau-d’Oex was a snowy and desolate
one for Escher, and by February he ached not only for the sun of south-
ern Italy, but for the scenes that had always provided inspiration for his
prints. He was restless to make a Mediterranean journey, to revisit some
of the places from his earlier travels, and to enjoy again the pleasures of
a sea voyage. This time Jetta would be with him for most of the journey.
To help finance the cost of the trip, Escher made an unusual proposition
to the Italian shipping company Adria in Fiume, which maintained a
regular service around Italy’s boot. In the 1940 article in De vrije bladen by
’s-Gravesande, he described his bold idea and what happened:
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1 suggested to the Adria company that they take me along as a free passen-
ger, i.e., with passage, food, and drink for myself round trip and one way
for my wife who couldn’t be away for the whole time. In exchange I would
give them four copies of each of twelve graphic prints which I would finish
the following winter from sketches made during the voyage; these then
could be used for advertising purposes in the tourist trade. To my great
surprise, they agreed to this proposal although they did not know me, and
my reimbursement would not be in their hands until a year later.

The trip, which lasted two months, began on April 26. Escher vis-
ited with the management of the Adria company in Fiume and then
boarded the ship Rossini. Jetta joined him in Genoa when the ship ar-
rived there about two weeks later. Throughout the journey, in which
they voyaged in three different vessels, there were frequent stops in
Mediterranean ports. Escher and Jetta would disembark to visit the
towns and often travel by bus or train to an inland village. Escher filled
his sketchbooks with studies that he would later use for the promised
prints. In a few instances, he was able to sketch a scene from a specially
selected vantage point inside a nearby building, which the Adria com-
pany had obtained permission for him to enter.

This journey was both a return to places visited in Escher’s student
days and an exploration of new places. It also marked the onset of an
important turn in his own artistic journey. While he sketched scenes of
Mediterranean harbors and villages with practised eye and hand, when
he returned to the Alhambra on May 23, he was a student all over again.
He was stirred anew by the colorful geometric patterns of the majolica
tiles and the decorative tracery in the stucco and wanted to record as
much as possible in the short stay of three days. His travel diary for that
day notes, “This morning to the Alhambra. | thoroughly enjoyed this
delightful aristocratic work of art. In the afternoon back there again, and
started copying majolica motifs. What a contrast: the quiet, elevated,
princely palaces up there and the dirty, neglected, decaying city below!
There are hardly any foreigners. We're being gaped at like creatures
from another planet, and that in a town that used to be a center of
tourism!”

On May 23, 24, and 26, amidst crowds of local villagers, both he and
Jetta made careful drawings of the Alhambra designs; then they spent
hours elaborating them in their hotel room. Some of their color sketches
are shown here. They show several different examples of regular plane
fillings with colored majolica pieces of one or more different geometric
shapes and regular-division designs traced in stucco.

On May 30, the couple traveled to Cordoba and visited the mosque
La Mezquita, built during the eighth through the tenth centuries as an
Islamic sanctuary. During the next few days, Escher sketched not only
the wonderful array of arches and pillars of the mosque, but also several
examples of regular patterns found in its decorative red brickwork.

They next traveled to Seville and visited the Alcazar, also a show-
piece of Moorish decorative art, but in comparison with the Alhambra,
they found the palace disappointing. They left Spain by ship on June 7,
and five days later, Jetta disembarked in Genoa to return home. Escher
spent two more weeks on the return voyage to Trieste and added to his
folio of sketches at each port of call.
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From September 1936 until March 1937, Escher transformed his
travel sketches into woodcuts. Although this work occupied most of his
time, he could not forget the decorative patterns of the Moors that had
so intrigued him. The urge to create his own interlocking patterns had
been reawakened, and he now had a small collection of geometric de-
signs that could serve as a point of departure to develop his own ideas.
The design used for his first attempt in October 1936 was from the Al-
hambra and was one that would serve him often over the subsequent
years as a fundamental source.

Vaguely suggestive of a flying bird, the motif in his on-site sketch
repeats in black and white (see drawing at upper left, above). He also
must have noted a colored version of this design since he later used it as
an illustration in one of his lecture slides (see page 32, number 4). Escher
transformed the geometric shape into a human weightlifter. Or, more
accurately, the geometric grid of the Alhambra design served as a scaf-
folding for his interlocking design of human weightlifters. It was not the

A few of the sketches by Escher and
his wife Jetta of Moorish designs in
majolica tile, in stucco, and in
brickwork at the Alhambra (Granada)
and La Mezquita (Cordoba), May-June
1936. Pencil, colored pencil, watercolor,
ink.
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Escher’s preliminary sketch shows how
a geometric design from the Alhambra
provided a scaffold for his design of
“weightlifters” (drawing 3). Pencil,
colored pencil, 428 x 428 mm.

geometric shape of a single majolica tile that led to Escher’s human
shape, but rather the relationship of a single tile to every other copy
surrounding it. Each single weightlifter in Escher’s drawing can be
transformed into one of the five weightlifters which adjoin it by making
either a quarter turn (where elbows touch) or a 180° turn (where two
heads meet). Escher’s final color drawing of this design is on page 117.

Two other new interlocking designs were made by Escher that Oc-
tober in Chateau-d’Oex. His renewed interest in interlocking shapes led
him to re-examine his earlier patterns of animals, and in so doing, he
developed a new motif, a squirrel (page 121), with the same symmetry
as his very first motif, the doglike “lion” which had been printed on
fabric. Another new design utilized a different symmetry found in one
of the copied Alhambra patterns. In this case, the geometric shape of a
single tile—three arrows in tripod formation—may have been more sug-
gestive of Escher’s derived figure of a hatted Chinese boy (page 118).

In March 1937, Escher finished the last woodcut, Porthole, of his
series for the Adria shipping company. In May he produced a new
woodcut unlike anything he had done before—a visual parable. Later to
be called Metamorphosis 1, it was a curious work, blending a subject and
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style familiar in his prints of Italian landscapes with his latest interlock-
ing design of Chinese boys.

Depicting a gradual transformation of form, the print was to be
scanned from one edge to the other: it was the first “picture story”” of
many that he would create in later years. The story unfolds with the
scene of an Italian coastal town (Atrani), whose boxlike buildings evolve
into a stack of cubes, which, losing detail, evolve into packed hexagons,
which in turn evolve into the shapes of Chinese boys. Finally, one of the
boys cartwheels free of the jigsaw puzzle and lands grinning as if to say
“I've arrived.”

When Escher showed this print to his father, who always took great
interest in his work, the elder Escher noted in his diary that the woodcut
was enigmatic and wondered if the print had intentional symbolic sig-
nificance. On many occasions, Escher denied the symbolic significance
read into his work by others, yet it is hard not to view this print as a
visual parable of the metamorphosis of Escher’s thoughts and inspira-
tion that occurred during 1936-1937. The wellspring of ideas for his
graphic work, typified by a village on the Amalfi coast, had been trans-
formed into a collection of interlocking figures, signaling his new pas-
sion for regular division of the plane.

It was not just the second visit to the Alhambra which changed the
focus of Escher’s work, but the abrupt and irreversible move from Italy
in 1935 as the grip of Facism began to be felt. He wrote in 1959 in his
introduction to his book Grafiek en tekeningen,

The fact that from 1938 onwards, I concentrated more on the interpretation
of personal ideas was primarily the result of my departure from Italy. In
Switzerland, Belgium and Holland where I successively established my-
self, I found the outward appearance of landscape and architecture less
striking than that which is to be seen particularly in the southern part of
Italy. Thus I felt compelled to withdraw from the more or less direct and
true-to-nature depiction of my surroundings. No doubt this circumstance
was in a high degree responsible for bringing my inner visions into being.

The open gatei

Metamorphosis [1]. May 1937. Woodcut,
The geometric tilings copied in the Alhambra yielded many new insights printed on two combined sheets,
to Escher, who found himself not just tinkering with the polygon shapes 195 x 908 mm (cat. 298).
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to derive new animal motifs, but also trying to discover the distinct ways
in which individual figures could interlock with adjacent copies of them-
selves. Squared graph paper was most convenient for these explora-
tions, and he began to fill the pages of small student copybooks with
sketches and notes.

Upside-down, or half-turn, symmetry had intrigued him since his
student days; his first regular division pattern with “lions” exhibited
that symmetry. His special fondness for this symmetry extended to
word puzzles as well. In 1968 he recounted to his old friend Bas Kist an
entry he had once jotted in his diary: “An English swimming teacher no
longer felt like keeping his bathing establishment open on Mondays and
wrote on a sign (he could just barely write):

NOW NO SWIMS ON MON

He attached the sign by means of a single nail through the middle. Some
angry boys, finding themselves in front of a closed door one Monday,
turned the sign around 180° and were amazed to see that it made no
difference when read upside down.” [J. R. Kist, 1973]

The pages of Escher’s first sketchbook of early fall 1937 show him
trying to achieve two goals. First, he wished to make as large a variety as
possible of different animal motifs. But he also wanted to discover all the
ways in which such shapes could fill the plane in a systematic manner
with copies of themselves, using just half-turns (180° rotations) to repeat
the individual forms. He clearly grasped the idea that a geometric grid of
congruent parallelograms has the property that rotating a single parallel-
ogram 180° about one of its corners or the midpoint of one of its sides
turns it into an adjacent parallelogram. Thus the key to making an inter-
locking animal motif was to develop a figure which had an area exactly
equal to that of one of these parallelograms and a special additional
property. Its outline must be shaped so that when it cut through one of
the corners or midpoints of a parallelogram, a rotation of 180° about that
point would turn the animal into an adjacent copy of itself. In order to
fulfill this second requirement, portions of the boundary of such a figure
must have a center of symmetry, such as that found in the letters S, N,
or Z. (These letters, when turned 180° around their center points, look
exactly the same, but top and bottom as well as left and right portions of
the letters have changed places.)

Guided by the small squares of the copybook pages for accuracy,
Escher drew parallelogram grids and, with rough, angled outlines,
sketched rudimentary, recognizable figures which satisfied his require-
ments. He refined these and later made careful colored drawings of
them. Although his dating of the polished color drawings indicates that
several of his first designs were created in the winter of 1937-1938, the
work in his little copybooks indicates that they were more likely first
created in September—October 1937. To his original two designs (one of
doglike “lions” and one of squirrels), he added six new designs; the first
was a horse (page 122), whose outline is very similar to that of his first
“lion” of over ten years before. Others, in the numbered order in his
sketchbook, are a strongman (page 119), a bird (page 123), a fish
(page 124), a seahorse (page 125), and a camel (page 120). He also re-
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fined his second lion motif which had been printed earlier on fabric; now
it was drawn with closed mouth—a proud sphinxlike creature
(page 116).

In addition to these quite methodical studies of designs with half-
turn symmetry, Escher also continued to develop motifs based on some
of the copied Alhambra patterns. Two years earlier, he had obtained a
specimen of a large mounted dragonfly from the zoo in Amsterdam and,
before leaving on the Mediterranean journey in the spring of 1936, had
made a woodcut featuring the insect. Now he saw the silhouette of the
dragonfly as a perfect motif to stylize and adapted it to the grid provided
by the geometric design that had earlier led to his weightlifter motif. The
regular division design of dragonflies (page 126) is very similar to the
Alhambra pattern (page 17, upper left); it is even colored in the same
manner, with alternating dark and light motifs. Another design from the
Alhambra suggested butterflies (page 125). One idea for a motif seemed
to taunt Escher: he wanted to create a reptile, a squirming lizard, that
would pack copies of itself like arms of a pinwheel, with four of the
creatures spiraling around a single point. But the motif was stubborn in
coming to life.

Twenty years later, in his book Regelmatige viakverdeling (Regular Di-
vision of the Plane), Escher would describe this period of exploration in
metaphorical terms:

A long time ago, I chanced upon this domain [of regular division of the
plane] in one of my wanderings; I saw a high wall and as I had a premoni-
tion of an enigma, something that might be hidden behind the wall, I
climbed over with some difficulty. However, on the other side I landed in
a wilderness and had to cut my way through with a great effort until—by a
circuitous route—I came to the open gate, the open gate of mathematics.
From there, well-trodden paths lead in every direction, and since then I
have often spent time there. Sometimes 1 think I have covered the whole
area, I think I have trodden all the paths and admired all the views, and
then I suddenly discover a new path and experience fresh delights.

The “circuitous route” by which he found the gate of mathematics
began in October 1937, when Escher made one of his frequent visits to
his parents at their home in the Hague. His half brother B. G. (Beer)
Escher, who was Professor of Geology at the University of Leiden, was
also visiting, and he showed Beer the work he had done on regular
division. It was a timely visit, for Beer was exactly the person to connect
Escher’s investigations with similar interests of the scientific commu-
nity. It was he who would point Escher to the “open gate.”

In 1940, with those events still fresh in his memory, Escher was
interviewed by ’s-Gravesande, who related the story in his article in De
vrije bladen: "Professor Escher took an interest in the motifs also from a
scientific point of view, and declared that his brother without realizing it
was applying a kind of ‘crystallography on a plane surface,” or two-
dimensional crystallography. He advised him to read up on this in the
Zeitschrift fiir Kristallographie.”

Beer promised to send Escher a list of recommended articles pub-
lished in that scientific journal relating to his investigations. Two days
later, on November 1, Beer wrote from Leiden:
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Escher’s notes on a 1923 article by

F. Haag. The only text copied is Haag’s
definition of regular division of the
plane with convex polygons. (See
translation in quotation at right.)

Dear Mauk,

After some searching I found the following papers on regular partitions
of the plane [emphasis in original]. It is all very theoretical, but you may
have some use for the pictures in them. There is however so much that I
cannot send it all to Brussels. The Zeitschrift fiir Kristallographie which is
present in our Museum is not only consulted again and again by us, but by
chemists and physicists too.

Then followed a list with complete bibliographic information on ten arti-
cles, all written in German and published in the crystallography journal
between 1911 and 1933. (This list of articles is given on page 337.) Beer
concluded the letter, “Perhaps you could gain access to a library in Brus-
sels which possesses this journal. Otherwise you could look over the
articles here sometime.”

Escher must have immediately followed Beer’s advice and found
the journal articles in Brussels. The full title of the journal and an identi-
fication number is written in Escher’s hand on the typed letter. Three
weeks later, a second letter from Beer answered Escher’s request for the
addresses of authors of some of the papers.

The account by ‘s-Gravesande continues:

Most of the articles were far too difficult for a layman, too dry and too
theoretical, but among them there was one in particular by a certain Polish
professor in Ziirich entitled “Uber die Analogie der Kristallsymmetrie in
der Ebene” [“On the analogy of crystal symmetry in the plane”] which
Escher thoroughly read and studied. It contained many nice illustrations
which he copied along with the entire article. He was struck by the sen-
tence with which the article ended: “Dass das mathematische Studium der
Ornamente auch vom kiinstlerischen Gesichtspunkte aus etwas Interesse
hat, will ich anderswo erértern.” [I will discuss elsewhere the fact that
mathematical study of these ornaments is also interesting from an artistic
point of view.|

Shortly afterwards Escher cut Development I and sent a print of it to
that professor in Ziirich, kindly requesting him to tell if he had ever come
to give that further “explanation.” He received a kind but rather formal
reply, thanking him for the gift but telling him that he had never pursued
the subject any further (the article was dated 1924).

However, Escher maintains that he owes a great deal to this man
because of his article. In it he described the laws to which he [Escher]
unknowingly had submitted himself until then and he gave him a clearer
understanding of his own drive. In another article by a German professor
there appeared a brief definition of regular division of the plane as follows:
“Die regelmissigen Planteilungen bestehen aus kongruenten, lickenlos
aneinandergereihten konvexen Polygonen; die Anordnung der Polygone
um jedes einzelne ist die ndmliche wie um jedes andere.” [Regular divi-
sions of the plane consist of congruent, convex polygons joined together;
the arrangement by which the polygons adjoin each other is the same
throughout.] . . .

It is understandable that Escher attaches much importance to this,
since scientists were the first men with whom he had points of agreement,
and since their dry science made many things clear to him and helped him
to achieve what he sought.
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The professor in Zurich (who was Hungarian, not Polish) to whom
Escher owed so much was the mathematician George Pélya; he was then
at the ETH (Swiss Federal Institute of Technology). His 1924 journal
article was a technical one, in which he indicated that designs in the
plane which repeat a motif regularly can be classified according to sym-
metry groups and that there are just 17 different kinds of such symmetry
groups. The reason that his article so struck Escher is that it contained a
page of 17 illustrations, one for each symmetry group; each of these gave
visual evidence of the ways in which congruent shapes (tiles) could fit
together to satisfy the classification criteria of a particular symmetry
group.

Some of the patterns were familiar to Escher since they were chosen
by Pélya from well-known Islamic mosaics or from common parquet
patterns; four Pélya had created “ad hoc” for the article. Except for the
few types with a high degree of reflection symmetry, each pattern
showed an array of congruent figures suggestive of living forms, and
several showed symmetry that was uncommon in Moorish decorative
art.

Escher’s interest was not in classifying existing patterns, but in
learning the rules that governed such patterns so that he could create his
own regular divisions of the plane. Although he copied the full text of
Pélya’s paper, it is clear that he learned most from his careful study of
the illustrations. These he copied two to each of his copybook pages; like
his copied Alhambra designs, they became sources from which to derive
his own motifs. It is possible to see in some of Pélya’s illustrations the
suggestions of motifs found in some of Escher’s later regular division
drawings, flying birds or fish, for example. This source material was so
important to Escher that the cover of his copybook in which he had
copied the article and illustrations was identified with the single word
""Pélya.”
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G. Poélya’s illustration representing the
17 different plane symmetry groups,
from his article “Uber die Analogie der
Kristallsymmetrie in der Ebene” that
appeared in Zeitschrift fiir Kristallographie
in 1924. The four designs C,, C;, Cy,
and D,gg are Polya’s original creations.

The cover of Escher’s copybook
containing his handwritten copy of
Pélya’s 1924 article. 210 x 167 mm.
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Escher’s sketches of the 17 tilings in
Polya’s illustration (here and on pages

25 and 26).

1

F. Haag was the German professor mentioned in ‘s-Gravesande’s
account; from Haag’s 1923 article “’Die regelmassigen Planteilungen und
Punktsysteme” (“Regular Divisions of the Plane and Point Systems”)
Escher learned two important things. First, he found the mathemati-
cian’s definition of regular division of the plane, quoted above in
’s-Gravesande’s article. In fact, the title of Haag's article and that one-
sentence definition are the only words that Escher copied from the math-
ematician’s paper (see page 22).

The other important new information was illustrated by Haag with
careful drawings of regular patterns of packed convex polygons marked
with small circles, which showed simple underlying geometric scaffold-
ing. Here Escher found regular partitions of the plane with pentagons
and with hexagons of a type he had never seen in Moorish tessellations.
Haag’s diagrams in this paper as well as an earlier 1911 paper (also on
Beer’s list) showed how the pentagon patterns were based on simple
square grids, and he gave precise geometric information on the angles
and sides of the special hexagons which could fill the plane. Escher
carefully copied several of Haag’s illustrations; like Polya’s, these would
be frequently consulted in subsequent months and years and used as a
source from which to derive new motifs.

Almost immediately, Escher tested the necessity of the word “con-
vex” that was part of Haag’s definition of regular division of the plane;
none of Escher’s motifs would ever be convex. He needed to know if the
geometric relationships which governed the ways in which convex con-
gruent shapes could regularly fill the plane would still hold for noncon-
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Escher’s sketches of the 17 tilings in Pélya’s illustration (continued).
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vex, dented shapes. Immediately after the copied title and definition of
Haag’s paper, a single page of Escher’s copybook shows two drawings:
a packing of congruent convex polygons, copied from Haag's paper, and
below it, Escher’s own experiment in packing congruent dented poly-
gons, following the same geometric rules for packing as Haag's pattern.

Later Escher copied Haag's definition of regular division of the
plane on the first page of his folio/notebook of colored drawings. How-
ever, he made one tiny, yet significant addition to Haag’s sentence,
indicating his own adaptation of that definition: he surrounded the
word “convex” with parentheses (see page 112). He had learned
through his own investigations that Haag’s restriction to figures that
were convex polygons was not only too strict for his creative interests,
but indeed unnecessary. The important geometric laws that governed
the mathematician’s analysis applied equally well to regularly repeating
interlocking patterns of curved and zigzag shapes, and even to forms
which seemed to crawl or fly.

The first motif that Escher successfully completed after studying
Pélya’s illustrations was the reptile, whose partial form had until then
defied further resolution. The swiftness with which he finished this
design in two different versions (page 127) and then immediately
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Escher’s own experiments (here and on
pages 28 and 29) can be seen on the
pages with his sketches of tilings from
Haag's paper: a tiling with nonconvex
hexagons, colorings of Haag's designs,
and some attempts at recognizable
motifs.
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Escher’s experiments with Haag's paper (continued)
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Escher’s experiments with Haag’s paper (continued)

“point system”
with equilateral
triangles

Each hexagon
has three vertices
with 120° angles.

utilized it in his woodcut Development I indicates how much he learned
in what must have been an intense period of study.

In less than a month, he had found the mathematical gate to the
garden of regular division, opened it, and, filled with curiosity, explored
several of the walkways within. Once in that garden, he began to blaze
new paths to regions ignored by the mathematicians and crystallog-
raphers in their literature. In 1958 he wrote in Regelmatige viakverdeling,
“Crystallographers have put forth a definition of the idea [of regular
division of the plane], they have ascertained which and how many sys-
tems or ways there are of dividing a plane in a regular manner. In doing
s0, they have opened the gate leading to an extensive domain, but they
have not entered this domain themselves. By their very nature they are
more interested in the way in which the gate is opened than in the
garden lying behind it.”

Three aspects of regular division that were not of interest to the
crystallographers at that time, yet were indispensible in Escher’s view,
were the recognizability of the motifs, the use of contrasting colors to
ensure both individuality and equal value of adjacent motifs, and the
dynamic evolution and transition of forms. After copying illustrations
from the articles by Polya and Haag, Escher colored several of them,
following his own rule that no two adjacent motifs may share the same
color. In the next few years, he would make an extensive investigation
of several questions concerning the coloring of regular divisions of the
plane.

REG UL
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Development 1. November 1937.
Woodcut, 437 X 446 mm (cat. 300).

His print Development I, created that November of 1937, gave a vis-
ual declaration of his principles by simultaneously showing two devel-
opments: one in form and one in contrast. From the purely abstract,
static geometric form of a square, a squirming lizard evolves and from
the neutral gray at the outer edges, contrast gradually builds until at the
center, sharp black-and-white identical forms emerge and delineate each
other. Each development is made with such apparent ease that the
viewer might well believe that Escher’s creatures grew by themselves
from the checkerboard grid. Not quite, although the arrangement of
checkerboard squares is essential as a geometric underpinning to this
design. These and other aspects of Escher’s theory of regular division of
the plane will be discussed in more detail in Chapter 4.

Escher was understandably disappointed at the brief reply he re-
ceived from Pélya when he sent him some drawings and a print of
Development 1, and it is likely that there was no further correspondence.
He never knew how pleased Pélya was to receive his letter and its enclo-
sures and how much it meant to the mathematician to have been of
help, through his article, to Escher’s work on regular division. Pdlya
wrote to me in 1977, after I had sent him a photo of Escher’s hand-
copied version of his article, “Some time after the publication of my
article . . . I received some drawings from a then unknown Dutch artist
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accompanied by a nice letter in which he said that my article was very
useful to him—the artist was Escher. Unfortunately, in my wartime
moving from Switzerland to the U.S., the letter and drawings were lost—
your discovery is some consolation for this loss.”

The geometric rules

Escher’s study of Pélya’s article provided him with sufficient knowledge
and insight to embark on his own investigations of regular division of
the plane. He learned that there are only a few basic geometric motions
which preserve exact shape and thus relate a single motif to each con-
gruent copy which adjoins it in a repeating pattern. Many years later
Escher would be cast in Polya’s role as teacher and lecture on regular
division of the plane to diverse audiences. He often began these lectures
with slides of three posters he had made expressly for the purpose of
clearly explaining the fundamental geometric rules that govern such pat-
terns.

The first poster showed that regular divisions of the plane can
be found as decorative art in various cultures. The eight examples in
Escher’s illustration were drawn from his own experience: Number 1 is
from a Japanese pattern book he owned and is quite similar to the Moor-
ish number 3, which he copied in the mosque La Mesquita in Cérdoba.
Number 2 he saw frequently as a design on clerical garb or on icons in
the Orthodox church. All the remaining examples were copied in the
Alhambra. He found it remarkable that the motifs in all of these designs
are symmetric: in 1 through 7 the motifs show mirror symmetry, and in
8 the motif has rotation symmetry. He had not encountered asymmetric
motifs in classical repeating patterns, nor had he seen any designs ex-
hibiting glide-reflection symmetry. In lectures from 1965 and later, he
acknowledged patterns found in the ruins at Mitla in Mexico. These
wall-relief designs, likely Zapotec or Mixtec (called Aztec by Escher),
displayed exactly the characteristics Escher found lacking in the eight
examples chosen for his illustration.

In the second poster, Escher noted the underlying geometric struc-
ture, or framework, which is present in every regular division of the
plane. Every interlocking jigsaw-puzzle pattern of congruent pieces
which repeats in such a way that every piece is surrounded in the same
way can be associated with one of the six geometric regular divisions
shown in his illustration: of parallelograms, of rectangles, of squares, of
triangles, of 60° rhombuses, or of regular hexagons (see page 33). Escher
identifies these as fundamental, or basic, forms for regular division of
the plane (his word “‘oer’’-vormen translates literally as “‘primeval” form).
These six categories were Escher’s own synthesis of what he found in
the articles by Pélya and Haag. The various ways in which the individ-
ual pieces in these simple geometric tilings can be related to adjacent
congruent pieces by geometric motions are the only ways that motifs
with complicated shapes can relate to adjacent copies of themselves in
any regular division of the plane.
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The poster of eight illustrations of
regular divisions of the plane (c. 1960)
that Escher referred to when lecturing.
Colored pencil, watercolor, gouache,
490 % 650 mm overall.
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Each of the simple geometric shapes can represent an asymmetric
motif which occupies exactly the same area. (The term “asymmetric”
indicates that the motif cannot be divided into two or more smaller con-
gruent parts by lines which meet at a center point.) It is much easier to
see and understand how such simple geometric patterns form a sup-
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porting skeleton for even the most complex repeating patterns by study-
ing Escher’s own regular division drawings reproduced in Chapter 3.
There one can note how the simple polygons in the geometric grid,
which can be clearly seen in many of these drawings, are related to the
motif with a complicated curved contour.

Using the final poster, Escher would explain and even demonstrate
the three geometric motions that preserve exact shape: translation
(verschuiving), rotation (assen denotes “axes” of rotation), and glide-reflec-
tion (glijspiegeling). These three motions, and no others, are those that
can be used to move a given motif to an adjacent congruent motif in a
regular division of the plane. Here, Escher shortened the mathemati-
cian’s list of motions which preserve shape and size of plane figures;
such a motion is usually called an “isometry” (for “same measure”).
Reflection of a plane figure, to create its mirror image across an imagi-
nary mirror line in the plane, is the fourth (and last) isometry. But for
Escher, no motif would ever have a straight line for part of its contour,
and so no motif would reflect into an adjacent copy of itself.

The geometric motions are best explained by pointing to illustra-
tions, and our illustration on page 34 shows how each of these motions
can move a simple figure to a new position and create a replica of it. If
the contours of the figure are chosen carefully, such a motion will make
it interlock with its replica and then if the process is repeated again and
again with deliberately chosen motions, a regular plane filling is created.

Escher used his poster to demonstrate not only the geometric mo-
tions, but some of the various ways they can occur, alone or in combina-
tion, to move a single motif to any of its adjacent copies. His poster gives
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Second illustration that Escher used in
his lectures to explain the theory of
regular division of the plane, c. 1960.
Watercolor and ink, 220 X 292 mm.
Escher’s title reads ““‘Fundamental’
forms of regular division of the plane.”
The examples in the top row are
labeled ““parallelogram, rectangle,
square,” and in the bottom row
“triangle, rhombus, hexagon.”
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Glide-reflection

Rotation

five different examples of regular division of the plane, each based on an
underlying square grid. In each of these examples, the square grid is
easy to find: simply connect the points where four motifs touch each
other. For convenience, we will call these points the “corners” of the
motifs. Each of the motifs is asymmetric, and although the contours of
each of the five different motifs are formed from line segments and
simple curves, each is faintly suggestive of a bird.

If the square grid which joins the corners of motifs is superimposed
on these patterns, each motif is caught by one square, and the shape of
the parts of the motif that protrude beyond the square exactly match the
shapes of the indentations of the motif inside the square; thus the area of
the motif equals the area of the square. In each of Escher’s five exam-
ples, the motifs are numbered; these numbers correspond to the distinct
directions (or aspects) in which the motif is repeated in the interlocking
pattern. Also, in each of the five patterns, a single motif is touched by
exactly eight others: four of contrasting color share a portion of a com-
mon boundary with the motif, and four of the same color touch the
motif at its corners.

In the first pattern (upper left), all the motifs are numbered 1, since
all face in the same direction. By sliding a given motif left or right, up or
down, it can be moved to any of the four adjoining motifs of contrasting
color. By sliding it diagonally, northeast or southwest, northwest or
southeast, it can be moved to any of the four motifs of the same color
which touch it at a corner. Translation is the motion of sliding, and in
this pattern, only translations are needed to move a given motif to any of
the surrounding eight positions.

The second pattern (upper right) is one in which a given motif ro-
tates into any adjacent motif. In a simple geometric grid of squares, a
single square can be rotated about a pivot point at any one of its corners.
A rotation of 90° (a quarter-turn) will move it to an adjoining square, and
a rotation of 180° (a half-turn) will move it to a square which just touches
that corner. The pivot points are called “centers of rotation,” or “rota-
tion axes,” by mathematicians and crystallographers. Escher adapted
from the mathematical literature the symbols of a small square [J and a
small circle O to label a 4-fold center of rotation (a center of 90° rotation)
and a 2-fold center of rotation (a center of 180° rotation), respectively, in
a regular division of the plane. In his second pattern with asymmetric
motifs, the shape of the motif determines which of the possible rotations
about the corner of a square in the underlying grid can be utilized. Here
a quarter-turn about a marked 4-fold center moves a motif to an adjacent

The four isometries of the plane, geometric transformations which preserve
exact shape and size. A translation slides all figures the same way; a vector v
shows the direction and distance of the slide. A reflection transforms figures
to their mirror images across a line m (the reflection axis) which acts as a
mirror. Here, the left and right sides of a fish are mirror images of each
other. A glide-reflection is a two step transformation: a translation with
vector v followed by a reflection across an axis m which is parallel to v. A
rotation turns figures about a fixed point O (the rotation center) through a
specified angle. Here one lizard rotates 90° onto the other.
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one of contrasting color, while a half-turn about a marked 2-fold center
or 4-fold center moves it to a motif of the same color. These rotations
also change the direction of the motif; for example, a quarter-turn of a
motif labeled 1 moves it to one labeled 2 or 3, and a half-turn moves it
to one labeled 4.

The third pattern (lower left) shows four 2-fold rotation centers on
the boundary of each motif; these are at the midpoints of the sides of the
underlying square grid. Half-turns about these centers move a motif to
an adjacent one of contrasting color and different label; translations in
the four diagonal directions move it to a motif of the same color and
same label.

The fourth pattern (lower center) has no rotation centers and shows
motifs in two directions. A translation in one of four diagonal directions—
in a direction either along a dashed line or perpendicular to a dashed
line—moves a motif to one of the same color that touches it at a corner.
To move a motif to an adjacent one of contrasting color takes a glide-
reflection. Focus on one motif, for instance a light one, and think of it
sliding along double “rails” formed by dashed lines: a “center rail”
through two corners of the chosen motif and an “outer rail”” through one
corner of that motif. When it slides along these “rails,”” the chosen motif
overlays an adjacent dark motif, and if it is flipped over in the direction
of the “outer rail”” at the moment the two motifs are superimposed mir-
ror images of each other, it will land exactly on top of the dark motif. In
his lectures, Escher had a cardboard cutout exactly the shape of one
motif in this pattern, with a long piece of rigid wire (a straightened coat
hanger) through it, exactly in the position of the dashed lines in the
illustration. He could then actually demonstrate to his audience this
glide-reflection in which a (nonstop) combination of a translation (glide)
and a reflection (flip) moves a motif to an adjacent one of contrasting

Third illustration that Escher used in
his lectures to explain the theory of
regular division of the plane, ¢. 1960.
Watercolor and ink, 220 x 292 mm.
Escher’s title reads “Regular division of
the plane. Five examples of square
systems.”” On the left he notes “the
three characteristics are: 1. translation,
2. axes (O and ), 3. glide-reflection.”
The two upper patterns are labeled
“translation only”” and “axes only”’; the
lower patterns are labeled “translation
and axes,” “translation and glide-
reflection,” and “translation, axes, glide-
reflection.”
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color. The mirror axis about which the moving motif is reflected after a
glide is parallel to and halfway between the dashed lines.

The last pattern (lower right) shows motifs in four distinct direc-
tions, and all three motions are needed to move a given motif to any of
the surrounding eight positions. If the chosen motif is labeled 1, for
example, then translations move it to an adjacent one labeled 1, half-
turns about the centers marked O move it to an adjacent one labeled 2,
glide-reflections in the direction of the dashed lines move it to an adja-
cent one labeled 4, and glide-reflections in a direction perpendicular to
the dashed lines move it to an adjacent one labeled 3. In his lectures,
Escher also used a cardboard cutout to demonstrate the eight geometric
motions for this most complex pattern.

With this knowledge of the geometric rules, Escher no longer
needed to waste time in frustration, hoping to discover shapes that
would interlock to fill the plane. He could now explore with confidence
and purpose. Ultimately, his quest would result in his own systematic
organization of the discoveries he made.

Developing a “layman’s theory”

During the winter months of 1937-1938 Escher pursued regular division
almost single-mindedly, working separately and simultaneously on
three fronts: mathematical investigation, creation of regular divisions
with recognizable motifs, and composition of graphic works using regu-
lar division of the plane. First, he was seeking to discover all of the
possibilities for regular division, based on his own guiding principles.
He posed and then sought to answer his own questions, and like any
methodical investigator who breaks new ground, he found that some-
times the questions led to dead ends, sometimes they led to the saine
result from two different directions, and sometimes they yielded impor-
tant and unifying insights to the large picture he was trying to fill in. He
filled the pages of small copybooks with his trials and refined and
changed his first tentative classifications as the larger picture became
clear. The covers of two of the copybooks are labeled “‘Theorie” Regel-
matige vlakverdeeling”; in these he recorded a rough draft of his devel-
oping theory. They served as his reference manuals as he worked on his
second goal: to create motifs of recognizable creatures to verify the appli-
cability of his theory.

Two facing pages from Escher’s first “Theorie’” workbook are
shown at the right. From the sketches, the many annotations, changes,
and erasures, it is not hard to imagine how he worked and the way in
which he developed the theory. Here he has, as any good scientific
investigator might, invented a way to express symbolically a great deal
of information in an extremely clear and concise manner. Words are
hardly necessary to read the message.

On the left page, he is methodically cataloging the ways in which a
motif, corresponding to a rhombus in a geometric grid, can be related to
the eight congruent copies which surround it. He has marked each
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rhombus with a hook to designate the direction of an asymmetric motif;
noting the directions of the hooks in the rhombs is enough to describe
the geometric motions that relate a single motif to those that surround it.
The last scheme, shown at the bottom right of the page, has been scrib-
bled out. Although the placement of hooks in its thombs seems to be
different from the other five schemes, Escher discovered that the geo-
metric relationships between neighboring motifs here was the same as
that of IV® at the top of that column. In the scheme at the bottom of the
page, each rhomb can travel horizontally to glide-reflect into an adjacent
one of contrasting color and also can travel vertically to translate into
one of the same color. In [V® at the top of the page, thombs glide-reflect
vertically and translate horizontally to neighboring ones. Although the
directions of the motions which relate adjacent rhombs in the two
schemes are different, the motions themselves are the same. (Except for
the exact shape of the rhombs, one scheme can be obtained from the
other by a 90° rotation.) So the redundant scheme was noted as
gelijkwaardig (equivalent) and scratched.

Escher’s schematic description on the left page gives no visual infor-
mation on the possibilities for a nongeometric shape for a motif in each
system. On the right page, Escher shows regular division designs with
asymmetric, congruent motifs, illustrating two of the schemes exhibited
on the left page. The shape of the boundary of a single motif is only
partially determined by the geometric motions for a given scheme: there
are infinitely many artistic possibilities for portions of its outline. In both
the upper and lower designs, Escher has labeled the endpoints of dis-
tinct portions of the boundary of a single motif and some of its adjacent
copies with letters A, B, . . .

i
¥

i G
T T
| A
| == -3
4 e
N |

TC

REGULAR

DIVISION 37

Pages in a copybook
(with “Theorie
regelmatige
vlakverdeeling I-O” on
its cover) from the
winter of 1937-1938
show Escher working
out his “layman’s
theory.”” Pencil, 209 x
167 mm (page size).



In the upper design, first labeled Type H and later designated type
IV®, his symbols || and = do not mean “parallel” and “equal,” as in
standard geometric usage. Escher has assigned his own meaning to
these symbols; if one associates sliding on tracks, the symbols are highly
suggestive. Reading the sketch, we see that | means “glide-reflect,”
and = means “translate.” Two successive letters, such as AB, symbolize
the portion of the boundary of a motif which joins point A to point B.
The boundary which encloses a single motif and has points labeled con-
secutively A, B, C, D is characterized by the relationships: AB glide-
reflects to BC and AD glide-reflects to DC. The relation of these portions
of the boundary to those of the motif which adjoins below is noted by:
AB translates into CF, AD translates into EF, and DC translates into BE.
Escher also notes that the motif is in “one direction” (“’één richting”),
that is, there are no rotations, but the motif occurs in both direct and
mirror image (“beeld en spiegelbeeld”). His numbered drawing 19 of
birds (page 130), to which he refers, is a carefully drawn example of this
type IV® with recognizable figures. This rough workbook sketch must
have evoked that idea: Note his tentative suggestion of the head of a
bird on some of the abstract motifs.

The lower design, labeled type VI®, has 2-fold rotation centers la-
beled with small circles; from this, his symbol €2 in the list of boundary
relations for a single labeled motif is clear. The characterizing relations
are: AB glide-reflects to BC, AF half-turns into FE, CD half-turns into
DE. Here Escher notes that in the design, the motif occurs in two direc-
tions (because of the 2-fold rotation), and in each direction, it occurs in
both direct and mirror image. In red pencil he reminds himself, that for
this pattern, he must “voorbeeld maken!” (“make an example”). For
Escher, an example was an original design which obeyed not only the
geometric constraints of one of his types but, in addition, consisted of
recognizable figures, colored so as to fulfill the requirements that adja-
cent figures contrast and that colors are arranged compatibly with the
symmetry of the design. Although his regular division drawing number
19 to illustrate the upper design of type IV® on this page was made in
February 1938, it was not until July 1941 that he made an example, of
snakes (page 144), to illustrate this type VIP.

The little copybooks Escher used were intended for young students;
their covers feature Belgian boy scouts and the Red Cross. He filled their
pages with sketches and ideas during the three years beginning in the
winter of 1937-1938. These workbook pages are interspersed with trial
ideas for abstract systems; one can see his theory developing and
branching to consider other questions. In addition to exploring the pos-
sible systems of regular division of the plane with asymmetric motifs, he
also investigated the possibilities with symmetric motifs. For him, this
meant the motif had one or two mirror lines of reflection symmetry, like
the letter M (one vertical mirror line) and the letter H (two mirror lines,
one vertical, one horizontal). Although over the years he would make
several regular division designs with symmetric motifs such as beetles
and butterflies, he did not bother to record these investigations in the
final version of his “Theorie.” He had discovered that most designs with
symmetric motifs required that the motifs have straight lines as portions
of their boundaries; evidently in his view, this was not worth recording.
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Recognition of individual motifs in a regular division of the plane
was an unalterable requirement in Escher’s theory, and this was
achieved by color contrast of adjacent motifs. This consideration was an
integral part of all his investigations. He also wanted to use a minimum
number of colors in a regular division pattern to achieve this goal. With-
out realizing it, he engaged in pioneering research in a field that over
twenty years later would be called by scientists “color symmetry.” Real-
izing that some regular division designs required a minimum of three
colors to conform to his coloring demands, he sought to find how such
patterns could arise from simpler two-colored ones such as those shown
on his copybook page. He developed a whole theory of “transitional
systems,”” patterns of motifs which were derived through the alteration
of part of the boundary of a motif in one of the simpler systems. Many of
these transitional system patterns required a minimum of three colors.
He also explored the ways in which a regular division of the plane with
just one repeated motif could give rise to a design in which two different
motifs could fill the plane, using the same geometric motions as the
original design. The possible colorings of these two-motif designs were
also explored.

By the winter of 1940-1941, Escher had filled out his theory to an
extent that he decided to record his systematic findings carefully, allin a
single notebook. In January 1941, he labeled the cover of a large note-
book of squared paper, “Regelmatige Vlakerdeeling in asymmetrische
congruente veelhoeken” (“Regular division of the plane with asymmet-
ric congruent polygons”) and, in it, set out his theory of “quadrilateral
systems.”” A year and a half later, in October 1942, he added the results
of his investigations into colored regular divisions of the plane based on
what he called “triangle systems.” Those designs have 3-fold and 6-fold
rotations and are based on an underlying grid of equilateral triangles. In
our next chapter, this notebook is reproduced in its entirety.

It is impossible to look at this notebook and not conclude that in this
work, Escher was a research mathematician. Yet his poor performance
as a mathematics student in school and his choice of the graphic arts, not
science, as his profession left him feeling mathematically insecure, con-
vinced that he was devoid of any ability to understand mathematics. In
his acceptance speech for the Culture Prize of the city of Hilversum in
1965, he confessed, “At high school in Arnhem, I was extremely poor at
arithmetic and algebra because I had, and still have, great difficulty with
the abstractions of numbers and letters. When, later, in stereometry
[solid geometry], an appeal was made to my imagination, it went a bit
better, but in school I still never excelled in that subject. But our path
through life can take strange turns.” He seemed amazed that his inter-
ests had led him to cross the border into the domain of mathematics and
that he felt an affinity for mathematicians. His son George, who is an
engineer, perhaps better understands the reasons for this affinity.

Father had difficulty comprehending that the working of his mind
was akin to that of a mathematician. He greatly enjoyed the interest in his
work by mathematicians and scientists, who readily understood him as he
spoke, in his pictures, a common language. Unfortunately, the specialized
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language of mathematics hid from him the fact that mathematicians were
struggling with the same concepts as he was.

Scientists, mathematicians and M. C. Escher approach some of their
work in similar fashion. They select by intuition and experience a likely-
looking set of rules which defines permissible events inside an abstract
world. Then they proceed to explore in detail the consequences of apply-
ing these rules. If well chosen, the rules lead to exciting discoveries, theo-
retical developments and much rewarding work. [1986, p. 4]

Sources that came too late

Escher never was a follower of artistic trends, but he often felt isolated as
he pursued his work with regular division. In Regelmatige viakverdeling,
he asks,

If it counts as art, why has no artist—as far as I have been able to
discover—ever occupied himself deeply with it? Why am I the only one
captivated by it? I have never read anything about the subject by any
artist, art critic or art historian; no encyclopedia of art history mentions it,
no fellow-artist or predecessor has ever been seriously involved in it.
There have been a few sporadic instances of products of decorative art that
share the same roots, which [ shall mention later and discuss, but these are
rudimentary and embryonic. They do not arise from profound reflection
and therefore do not penetrate to what I consider to be the essence of the
matter.

There were artists whose work was precursor to Escher’s regular
divisions of the plane with recognizable figures. From about 1890 to
1905, the popular Art Nouveau, called [ugendstil in Germany, Seces-
sionsstil in Austria, and Nieuwe Kunst in Holland, rejected the art of the
Academy and gave attention to gracious and dashing decorative art
which often took its inspiration from nature. In Vienna, one of the lead-
ing figures was Koloman Moser, an artist and teacher who was a
founder of the Wiener Werkstitte (The Vienna Workshops), the school
of decorative art which advocated this style. He produced many designs
for wallpaper, tapestries, gift-wrapping paper, book endpaper, and fab-
ric that were clever interlockings of stylized forms from nature: fish,
birds, flowers, and leaves.

Although it seems reasonable to assume that Escher would have
learned about the work of Koloman Moser as part of his studies at the
Haarlem School, that seems not to have been the case. The form of study
(reported by Escher in his essay on de Mesquita) was one of tutoring and
apprenticeship in a particular chosen field of study; for Escher, this was
the graphic arts, with de Mesquita as his primary mentor. De Mesquita
was counted among those prominent in the Nieuwe Kunst movement,
and Escher’s student work reflects his experimentation with a variety of
styles and techniques which can be found in the work of other Nieuwe
Kunst artists, including R. N. Roland Holst, whose posters he greatly
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admired. The book Nieuwe Kunst, by L. Gans, makes clear that the Dutch
“New Art” was markedly different from that in France and Germany,
and at least in the early stages of the movement, the English artists and
designers (including Lewis F. Day and Walter Crane) seem to have had
greater influence.

In France decorative art is strongly influenced by literary Symbolism,
the art of the Nabis and the Synthetists. In German decorative and applied
art one also feels continuously the influence of the contemporary art of
painting and drawing, particularly in the frequent use of female figures
which in symbolic scenes must mean something. . . . In the field of Dutch
applied art one cannot speak of such an influence of the art of painting.
The painter’s quest for sentimental imaginings and the craftsman’s search
for form exist side by side. The activities of the latter therefore, do not
cease when about 1900 the art of painting has lost much of its strength.
[p. 103]

Gans points out that while Art Nouveau was essentially defunct by
1905 in Belgium, France, Austria, and Germany, in Holland, the artists
and designers born near or in the decade 1870-1880 gave fresh impetus
to the movement: “together they allowed themselves, again, the liberty
to search for principles of their own. . . . The inspired movement of
these artists of the seventies has been greatly instrumental in determin-
ing that Art Nouveau in 1910 and even in the twenties is still apparent as
an uncomplicated, sparkling, and cheerful style of applied art in the
Netherlands.” [pp. 104-105] De Mesquita (born 1868) was one of these
artists of the seventies; a co-worker at 't Binnenhuis (The Interior) in
1900 and at De Woning (The Dwelling) in 1902, his experiments with
batik fabric printing, woodcuts, and other graphic techniques continued
throughout his years at the Haarlem School (1902-1926). His ideas
would have had the greatest influence on Escher.

During Escher’s years at Haarlem, the foremost avant-garde art
movement was Constructivism, which in Holland was known as De Stijl
(The Style), with Piet Mondrian as a leading proponent. Escher was no
doubt aware of this new direction; there is strong geometric character in
some of his student work. A few of his woodcuts show experiments
with the faceting of cubism and one linoleum cut bears a strong resem-
blance to the composition with rectangular forms on the cover of the first
issue of the magazine De Stijl. His interest in geometric form continued
in more subtle ways than those advocated by Mondrian, whose carefully
constructed geometric partitions achieved a precise balance of “unequal
but equivalent oppositions” of form and color. Although Escher later
also insisted on a balance of opposing forms of contrasting color, he
strongly rejected abstract geometric shapes and insisted on recognizable
forms even in his constructed worlds of fantasy.

Over and over again, in his articles, books, and lectures, Escher
reported that he had searched for examples of regular division of the
plane, but with the exception of the Islamic craftsmen and Japanese and
Chinese pattern makers, who all limited themselves to purely geometric
designs, he found none. Moreover, he openly invited the readers of art
periodicals to inform him of any examples of art employing regular divi-
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528. Qadizug, Entwurf fiir
Beberel, von Koloman Mofer,
(Vor ssorom) T lJ o0

Clipping sent to Escher by Gerd Arnzt
in 1964 of Lachzug, a design for tapestry
by Koloman Moser published in Ver
Sacrum in 1899 (as the annotation
indicates). 106 x 38 mm (image).

sion. Such public pleas appear as early as 1941; in his article in De Delver
he included his regular division drawing of lizards (number 25) and
wrote about the joy of discovering such motifs. He also noted, “So far [
have never encountered any evidence from any artistic epoch whatso-
ever of research in a direction analogous to my own. If readers of this
article have knowledge of such artistic evidence, I would appreciate very
much their calling it to my attention.”

His lectures to large scientific audiences also included such pleas. In
1960 he addressed an overflow crowd at the Congress of the Interna-
tional Union of Crystallography: ““Yet I can hardly believe that through-
out the centuries no one has ever hit on the idea, that a plane-pattern
might be made more significant and more fascinating by using as build-
ing components concrete, recognizable shapes borrowed from nature,
such as fishes, birds, reptiles or human beings. But I do not give up
hope of sometime meeting such a like-minded spirit; who knows, per-
haps one of you may be able to help me! At all events, I urge you to
please let me know if you should ever encounter such a plane-pattern,
made up of recognizable elements.”

Despite Escher’s public requests, no one seems to have responded
with evidence of ancient patterns with animal motifs such as those
found in Peru and Guatemala or of the work of Koloman Moser and
others of the Vienna Secession. Perhaps even more surprising is the fact
that the many interviewers, art critics, and curators of exhibits who
wrote about his work during his lifetime never mention the work of the
Wiener Werkstatte and evidently never brought it to Escher’s attention.
Only recently have Escher’s designs been compared with Moser’s pat-
terns; for instance in a 1986 essay by Marianne Teuber in M. C. Escher:
Art and Science and in the 1986 exhibition catalog Vienna 1900 by Kirk
Varnedoe.

Had Escher learned of Koloman Moser’s patterns prior 1937 when
he was searching for any sources which he could use as a point of depar-
ture in developing his own regular divisions of the plane, he certainly
would have copied them and added them to his meager collection of
examples. Two large collections of Moser’s work had been published:
over 20 of his designs appeared in the 1899 volume Ver Sacrum (Sacred
Spring) and a folio edition of 60 of his designs, “‘Flachenschmuck,” was
published in Die Quelle (The Source) in 1902. These collections are rich in
the variety of their designs and display Moser’s knowledge and use of
most of the different types of symmetry. Many of the designs use two or
three colors; Moser, too, was interested in contrast and in the symmetric
distribution of colors. About 40 percent of his clever repeating patterns
use animal, plant, or human figures; most interesting is his frequent use
of asymmetric figures and glide-reflection symmetry, as seen in Forell-
enreigen (Trout Dance). These are the very qualities that Escher found
lacking in the decorative Moorish tessellations.

Escher apparently learned of Koloman Moser for the first time from
his good friend and fellow graphic artist Gerd Arnzt. On April 25, 1964,
Arnzt sent Escher a clipping of Moser’s design Lachszug (Salmon migra-
tion) that he had come across and joked with Escher about the irony of it:
“Enclosed you'll find a picture from Vienna from about 1900, the
‘Jugendstil” period. It seems as if they plagiarized you before you even
started making your space-fillings. The funniest part of it, I think, are
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the eyes; they remind me very much of your work.” Escher sent an
immediate postcard response: “Thanks for your letter of 25 April with
the enclosed plane-filling from =1900. It's nice to see that I'm not the
only one who is practising the symmetry of recognizable objects on a flat
surface, though it's only a strip. I'll keep this example together with a
very small collection of plane-fillings by others.”

By this time, with the experience of more than twenty-five years of
creating periodic designs of living forms, he was only mildly interested
in such an example, and would not take the trouble to find out if there
was more to Koloman Moser’s work than this single example of “only a
strip.” His time was also more precious now; he had already twice suf-
fered serious illness and surgery and guarded the hours when he had
strength to give time to the many demands always present—lectures,
orders for prints of previous work, designs for commissioned work,
correspondence, and (what he wished to do most) pursuit of ideas for
new prints. His brief reply to Arnzt, who was also experiencing health
problems, closed with an expression of commiseration: “When you are
no longer that healthy, you are amazed at all those healthy people the
world is full of.”

Another source that could have been important for the early devel-
opment of Escher’s theory, but which also came too late, was a book
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Forellenreigen, Koloman Moser,

published in Ver Sacrum, April 1899.

Design for tapestry in two colors,
188 x 170 mm.
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Design on carved square block and
mirror image, 1938. Shown actual size.

devoted to the theory of regular division ot the plane, Flichenschluss
(1963), by the German mathematicians Heinrich Heesch and Otto
Kienzle. Although an article written in 1933 by Heesch had been on the
list provided to Escher by Beer in 1937, that paper was highly theoretical
and its diagrams (meant to be schematic) showed symmetric simple geo-
metric figures—not what Escher was seeking. In 1932, Heesch, as a
student of Andreas Speiser, had investigated and classified the possible
shapes of tiles that could fill the plane in a regular manner, but this work
was first published in his book in 1963.

Heesch had also methodically investigated what he called “recipro-
cal ornament”’; these were regular divisions with two colors in which
some of the symmetries of the pattern interchanged the colors. He had
even seen some of his designs for wall tilings, fabric, and other items
produced for exhibit at the 1937 Leipzig Fair. Like Escher, Heesch only
considered asymmetric tiles in his classification; moreover, his sche-
matic description of possible shapes to fill the plane was based on how
the motions of translation, rotation, and glide-reflection of an individual
tile related it to the tiles that surrounded it.

On June 20, 1963, Heesch sent Escher a lengthy letter, expressing
admiration for the artist’s work published in Grafiek en tekeningen and
telling the story of his own investigations on regular division. He in-
cluded a chart of his classification (see page 326) as a sample from the
book and indicated that he would like to send the book to Escher; he
mentioned that he also hoped to produce a future version of the material
“in the language of the artist.”” Although Escher was then in a hospital
recovering from yet another operation, he replied immediately. “The
contents of your letter interested me very much,” he wrote, but then
added, “You are mistaken when you see in me an accomplished theoret-
ical mathematician; however, I often deal with crystallography. I'm al-
ways crossing the border between mathematics and art.” From Heesch’s
symbolic chart, Escher had decided that the book was far too hard for
him to understand and in typical forthright fashion told Heesch that he
would rather wait for the edition for the artist. Heesch sent him the book
anyway; the edition in the language of the artist never materialized.

Heesch’s classification system is one of several that we have noted
in the Concordance at the back of this book. Since his characterization of
asymmetric tiles that can fill the plane in a regular manner is, among all
those that appear in the scientific literature, most similar to Escher’s
own, we have included his chart of classification.

Orer experiments in regular division

At the same time Escher was developing his “layman’s theory” of regu-
lar division of the plane, he also carried out extensive experiments in
creating regular patterns in the plane using one or two squares contain-
ing simple line designs. In 1938 he carved two small square woodblocks,
one the mirror image of the other, with a design of three straight bands
crossing each other in an asymmetric manner and portions of bands at
two of the corners. The carved bands touched each corner of the square



and also touched the middle of the edges of the square; when the square
block was printed in any of its positions to fill out a grid of squares, the
contiguous images created seamless, rhythmic, plane-filling patterns.

For one carved block, Escher used the labels 1, 2, 3, 4 to indicate the
four positions of its printed design made by repeatedly rotating it 90°;
similarly for the second carved block, he labeled the four mirror images
of these 1, 2, 3, 4. His scheme to create a regular all-over pattern using
one or both of the carved blocks was to first choose a square arrange-
ment of four of these numbers, such as

and then print a trial design of four adjoined copies of the block, accord-
ing to the configuration dictated by the numbers. The larger square de-
sign was then to be repeated by translation (right and left, up and down)
to fill out a page with a periodic pattern. Escher’s copybook of 1938
shows several trial designs with their identifying number schemes.

Other trial designs printed with these carved blocks occur in several
of Escher’s little workbooks from 1938-1942. There are also several
sketches of other designs for a single square and sketched trials of their
repeating patterns; he returned to his experiments with combinatorial
designs several times during these years. Using one or both of the blocks
carved in 1938, he eventually made over thirty carefully printed pat-
terns, each a square with nine repetitions of a design corresponding to a
particular square array of four numbers—36 repetitions of a printing
block. A very graphic explanation of a simple way to create similar
printed patterns based on his father’s method is given by George Escher
in his article “Potato-Printing, A Game for Winter Evenings.” [1986, pp.
9-11]
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Trial designs printed by Escher in 1938
with his carved square blocks. The
number array for each design is
penciled next to it. A sketch that was
the source for drawing 20 is also on the
copybook page. 210 x 165 mm (one
page).
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Escher used two simple line designs in
a square to determine the number of
different designs possible using
repeated arrays of four numbers; these
date from 1942.

Printed and hand-colored wooden tiles,
¢. 1943. 22 x 22 mm (single tile). The

numerical array for each design is given.

In addition to sketching simple patterns and hand-printing patterns
in his workbooks with his little carved blocks, Escher experimented with
decorated square tiles that he cut out of wood. He printed each tile with
two different designs, one on the top face and the other on the bottom,
one black and one red, and then hand-colored them with blue. Each
design was carefully crafted to match on every side of the square; the
edges of each tile were numbered 1, 2, 3, 4. With these, Escher could
quickly arrange tiles into formation and view the result of a particular
arrangement. His goal was similar to that achieved in his notebook on
regular divisions with asymmetric polygons—to classify and enumerate
all possible patterns created by a square tile according to his rules. This
method of investigation was not only efficient, but also an excellent
means to discover or verify by visual experiment his catalog of possible
patterns.

In 1942, Escher collected some of his findings in a ring binder; its
cardboard cover bears the title “Attempt at systematization and charac-
terization of the number of possible arrangements of two types of square
tiles, the one being the mirror image of the other.” These notes show
two systematic enumerations of the distinct patterns that could be cre-
ated according to his numerical scheme described above, using a simple
asymmetric line design in a square. One enumeration used just one line
segment which joined the corner of a square to the midpoint of an oppo-
site side, while the other used a v which connected the corner of the
square to the midpoint of an adjacent side (see the illustration at left).

Using these simple motifs, Escher drew the designs that corre-
sponded to repetitions of square arrays of four numbers and, in so
doing, quickly discovered that different number schemes often gave rise
to the same all-over pattern. For example, each of the four arrays

yield the same all-over pattern when repeated, since each generates a
pattern with alternating rows: ... 111111...and... 1212
121. .. . It might seem that Escher only needed to discover how many
different square arrays of four numbers would lead to the same all-over
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numerical pattern; this is what mathematicians call a purely combinato-
rial problem. But Escher’s scheme of linking the numbers to the four
positions assumed by a single marked square gave the problem geomet-
ric as well as combinatorial aspects. For example, the two arrays

lead to all-over patterns of numbers which are related by a 90° rotation:
one has rows of 1s and rows of 2s alternating while the other has col-
umns of 1s and columns of 2s alternating. But the two corresponding
geometric designs generated by one of Escher’s marked squares are
quite distinct: a 90° rotation of one of these designs does not change it
into the other (see the illustration at right).

In addition, some completely different arrays of four numbers yield
the same design because of the rotation symmetry which relates the four
positions of a marked square. For example, the numbers 1 and 3 repre-
sent positions of a marked square that are 180° rotations of each other
and the pair 2 and 4 are related in the same manner. Thus the two arrays

generate exactly the same all-over pattern.

In each of his two enumerations with marked squares as shown in
the illustration on page 46, upper left, Escher found that 23 distinct
all-over patterns could be created according to his method using square
arrangements of four numbers chosen from 1, 2, 3, 4; these patterns
each used just one marked square in various positionsﬁ-le catalogued 47
distinct patterns which used a marked square and its mirror image.
For these, he chose two of the numbers for the square arrangement from
1,2,3,4and two from 1, 2, 3, 4. There were ten types when both choices
were repeated numbers (e.g., 1, 1, 2, 2) and 37 types when both were
different numbers (e.g., 1, 2, 2, 3).

In May 1942 Escher created printed designs with a new carved motif
of straight bands meeting each other at right angles and tilted in a
square. The designs illustrate each of his 23 distinct possible types of
patterns requiring just one printing block. This motif divided the square
block on which it was carved into six closed regions; after printing the
designs, Escher added color to some of the regions following his usual
rule—adjacent regions must be of contrasting color (see the illustration
at right). In the patterns printed according to Escher’s method described
above, the light-colored areas formed enclosed regions with right-
angled corners, and the dark-colored areas appeared as background.
The all-over patterns showed black-outlined light-colored rectangles,
zigzags, L and U shapes, marching in formation against a dark ground.
Guided by more complex number schemes, Escher created a few other
printed designs with this single carved block in addition to these illustra-
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Two designs with Escher’s second motif
with their corresponding number
arrays.
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Design in square for printed patterns
based on number arrays, May 1942.
Shown actual size; coloring shown on
one.
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Designs on carved square blocks
resemble portions of interlaced yarn,
1943. Each block is 2 x 2 cm.

Left: The geometric construction of the
“ribbon” design. Shown actual size of
carved block. Right: Designs of four
carved “ribbon” blocks, each in four

positions, with Escher’s number labels.

tions; he also made some printed patterns using the block and its mirror
image. His copybooks show that he attempted to link these patterns as
well as his first printed patterns to the classification in his “’layman’s
theory.”

Escher’s first printed designs in 1938 gave the appearance of over-
lapping continuous black bands; these no doubt suggested to him pat-
terns of real ribbons or yarn, which are most often interlaced in intricate
ways. In 1943, he carved two square woodblocks with different motifs
and two more with their mirror images (four blocks in all). Each of these
two blocks was based on a simple design of curves which (like his first
carved motif) touched corners and centers of the edges of the square.
This time, the carved bands were outlined and given shading to appear
like yarn and showed over-under interlacing; the two carvings differed
only in over-under crossings of the “yarn.” Following the same method
as before, Escher used these blocks to create several patterns. In these,
single strands of “yarn” appear to be knitted or crocheted together.
Some were hand-colored as well, giving the appearance of two or more
strands of interlaced yarn of different colors.

Sometime later, Escher carved new square woodblocks based on his
very first motif of straight bands; as with the “yarn’’ motif, the bands
were now carved in outline, and showed the character of real ribbons
overlaying one another. Four carved blocks were needed to capture the
possibilities of over-under for the ribbons and each of the four blocks
could be printed in four different positions; thus, there were sixteen
distinct ways of printing a single blank square. Escher printed more than
30 interlaced patterns with these and hand-colored the printed designs
s0 that ribbons are of a single continuous color and ribbons which inter-
lace are different colors. Many of these colored printed patterns were
exhibited together with a poster which explained how they were created
using the number schemes.
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Six designs made with the “ribbon”
blocks, mounted for display. Hand-
printed with watercolor added, 150 x
150 mm (each design). The number
scheme of each design appears in the

margin.
1 4 la 4a
la 4a 1 4 I 4 1la 4a
3a 23 2a 1 4 la 4a
14 1a4a
idv//vlv//\:lv“\
CRNERE
5 S
12 la 2
la 1 12 la2
3a 3 12 l1a 2
1 2a 1a 2
da 1 3a 2
da 1 3a 2 la 2 1 2a
21 %2 a4 3 4
4a 1 3a 2

In 1943-1944, Escher carried out one other investigation of special
tilings of the plane of a very different nature from the numerical method
with square blocks. His copybooks from this period are filled with many
trial ideas for designs in a 3:4:5 right triangle; the sketches on the pages
shown on page 50 are typical. They clearly show his idea of having the
curves in such a design meet the edges of the triangle in a regularly
spaced manner; by carefully matching edges or portions of edges of the
triangles, continuous flowing designs could be made. A ring binder
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Some of Escher’s trial sketches for
designs in a 3:4:5 right triangle to print
plane-filling patterns, 1944. Pencil, ink,
210 % 170 mm (one page).

dated July 1944 contains a collection noted as incomplete by Escher—19
examples of all-over patterns printed with a motif in a 3:4:5 right trian-
gle block. Carved in image and mirror image, this motif is similar to
some of his sketched trial designs.

Before creating printed designs with the carved triangular blocks,
Escher investigated, in his usual methodical fashion, the various ways in
which a right triangle could fill the plane in a “regular’” manner, allow-
ing both direct and mirror images. Each of the 19 pages of the 1944 ring
binder shows a single printed all-over pattern containing 32 images from
one or both of the carved triangular blocks; in the corner of each page is
a small pencil drawing of the triangle tiling on which the printed pattern
is based. Often Escher added a third color by hand to the printed black-
and-white design.

Although the 19 patterns created by printing the triangular blocks
are visually quite distinct, several of them are variations on the same
geometric tiling. For example, if one begins with a tiling by strips of
parallelograms diagonally bisected into triangles, in which all the edges
of the triangles exactly match, then a new periodic pattern can be cre-
ated by shifting parallel strips by the same amount, so that the parallelo-
grams are uniformly staggered. Many of Escher’s patterns are related in
this manner; the first two are illustrated on the facing page along with
their underlying triangle tilings. It is known that there are seven geo-
metrically distinct periodic tilings of the plane by an arbitrary right trian-
gle in which each triangle is surrounded in exactly the same way;
Escher’s collection of printed designs contains all of them.

Another ring binder dated August 1944 notes Escher’s enumeration
of distinct periodic tilings by copies of an arbitrary (i.e., general) trian-
gle; 10 carefully drawn illustrations of tilings by the same triangle, with
adjacent triangles colored in contrasting blue and gray, accompany the
description of his findings. Here he tabulates four distinct types of tiling
by an arbitrary triangle and links them to his “Theorie’ classification.
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One type shows half-turn centers at the midpoints of all three sides of
each triangle, one has half-turn centers at the midpoints of two sides
and a reflection in the third side of each triangle, and two types have a
half-turn center at the midpoint of one side and glide-reflections in the
directions of the other two sides of each triangle. His 10 different-look-
ing tilings with the same triangle arose from the four types by consider-
ing all possible choices for the location of the half-turn centers. In this
enumeration, Escher missed two other types of tilings by an arbitrary
triangle; these are the ones obtained by uniformly shifting each of the
infinite strips of parallelograms that occur in his first two types of trian-
gle tilings. He had many examples of these missing types in his printed
tilings based on right triangles; it is not clear why he omitted them for
this more general case. (Information on various tilings of the plane by a
single triangle can be found in the book Tilings and Patterns, by B. Griin-
baum and G. C. Shephard.)

YRR

Design in a 3:4:5 right triangle to
create plane-filling patterns based on
triangle tilings.

Iustrations of two of Escher’s patterns,
together with their related triangle
tilings.
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Design on carved hexagon-shaped
block. Shown actual size.

Escher also carved a wood printing block shaped like a regular hexa-
gon. It contained a symmetric design of crossed straight bands; the cen-
ter of each side of the hexagon was touched by one band. Evidently he
explored all-over patterns created by printing contiguous images of this
motif in the familiar honeycomb pattern which fills the plane.

Escher engaged in a variety of other investigations of regular pat-
terns in the plane in connection with designs for commissioned work as
well as his own work. For example, he explored patterns with layered,
or overlapping, motifs (for etched glass and for bank-note background;
see drawings A3 and A6), moiré patterns, and line designs (for bank-
note background; see drawings A9, A10, and All) and he also investi-
gated patterns of entwined circles (see drawing A8 and pages 92-93).
These latter designs were the basis for some periodic drawings; they also
appear in postal-stamp designs as intertwined postal horns, and they
form an intricate web in his last graphic work, Ringsnakes. These various
investigations were each limited to specific design problems; he made
no other systematic attempts at cataloging particular regular divisions of
the plane.
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Tile '1941—19472 notebooks

Escher’s self portrait of 1920 showing the young man’s gaze turned
away from the window and his foot resting on a checkerboard-patterned
rug was prophetic: in less than twenty years, his gaze turned from the
exhilarating outside world of Italian landscapes and sought visions
found only in the inner depths of his own imagination. He plumbed the
regular division of the plane, the “richest source that I have ever
found,”” again and again and used it with a confidence based on his
self-woven foundation, summarized in a chart of checkerboard patterns.

Escher’s 1941-1942 notebook is his final draft of the theory of regu-
lar division of the plane developed during the previous three years. It is
reproduced here in its entirety. In it he gives almost all the theoretical
information pictorially, using few words. Escher’s message, even for
technical matters, is a visual one. Using diagrams, charts, and prototypi-
cal examples, he displays the characterizing geometric properties of each
of his “systems” of regular division, the “transition” relationships be-
tween systems, and the modes of splitting motifs to create designs with
two different forms.

It is interesting to compare this refined version of Escher’s theory
with his many early trials in the little workbooks. In this final version of
his theory, he records for each system which geometric motions move a
single motif to those that surround it. But he does not give, as he did
earlier (see page 37), explicit information on how the boundary of a
single motif is made up of portions that are related by these geometric
motions.

The theory recorded in this notebook is a general one that can be
applied to a very wide class of regularly repeating interlocking designs
with one or two motifs. Escher makes no mention of his experiments in
creating printed designs using combinatorial rules of repetition of a
square block, nor does he include his discoveries about regular divisions
of the plane with triangles. He gathered the final drafts of each of those
special investigations, together with carefully executed color illustra-
tions, in separate folios.

The material in Escher’s notebook is divided into five parts:

an overview of his systems of regular division of the plane with
asymmetric polygons with a minimum of two colors, based on an
underlying grid of quadrilaterals (fold-out chart and lower chart on
notebook page 2),

transitional systems with a minimum of three colors (notebook
pages 1-18),

asymmetric polygon systems with two motifs and a minimum of
two colors (notebook pages 20-29),

an essay on the use of regular division of the plane with recog-
nizable forms on horizontal and vertical surfaces (notebook page
30ff.; 3 pages), and

triangle systems of regular divisions of the plane (1942) (last 6
notebook pages).
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Although Escher never explains what he means by “a minimum of
two (or three) colors,” his insistence on the recognizability of individual
motifs through the use of contrasting colors for adjacent motifs makes
the meaning clear. For Escher, the minimum number of colors is the
fewest that are required by a regular division of the plane in order to
achieve contrast of adjacent motifs.

English translations of Escher’s remarks accompany each photo-
graph of his notebook pages. Additional remarks serve as a guide’s com-
mentary on each of the main sections of the notebook. The actual size of
each notebook page is 290 X 225 mm, roughly the size of this book
page.

A question that is always asked with regard to independent scien-
tific research, especially research that anticipates a theory considered to
be significant many years later, is, “How does this research compare
with the theories and results known to the current scientific commu-
nity?” At the end of this chapter, Escher’s “layman’s theory” is com-

®
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1942 NC

Self-portrait, 1920. Ink, watercolor,
560 X 464 mm.
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[Notebook cover title]

Regular Division of the plane into
asymmetric congruent polygons

I Quadrilateral Systems
MCE
1-1941
Ukkel

Il “Triangle” systems
X-1942
Baarn

pared with that developed by mathematicians and crystallographers.
The Concordance at the end of the book gives further comparative infor-
mation of a more technical nature.

In addition to the theory notebook, Escher kept another notebook of
the same size to collect finished regular division drawings with purely
geometric motifs, as well as some geometric studies that were prepara-
tory to making some regular division designs with special properties.
Entitled “Regular Division with abstract motifs and geometric prob-
lems,” its pages are reproduced here, following the notebook. It begins
with 11 colored drawings of geometric regular divisions of the plane
which are dated from September 1941 to October 1942. One of these is
Escher’s 1926 design for the majolica-tiled floors for the apartment and
studio in Rome, together with a detailed scheme of the layout for the
tiles.

Following the colored design numbered 11, there are two theorems,
each a purely geometric claim about three particular lines in a polygon
intersecting in a single point. These are no doubt Escher’s own discov-
ery; there are no references and no proofs. The second theorem makes
an observation about the concurrency of the diagonals of a special hexa-
gon that Escher had learned about in Haag’s papers; those papers, how-
ever, make no mention of this property. Escher even wrote to ask his
son George, then a student at the University in Delft, if he could prove
the statement. George found a better construction of the hexagon, but
could not prove his father’s observation about the diagonals.

Two pages of carefully drawn designs follow; they are in two or
three colors and display, in addition to kaleidoscopic symmetry, the
property that the motifs diminish in size in a regular manner as they
approach the center of the design. The last two pages are devoted to
studies of interlaced circles based on an underlying square grid. Escher
made several other color studies of interlaced circles based on an under-
lying grid of equilateral triangles; some that were inserted between the
pages of this notebook are also reproduced.

The folio notebooks collection of regular division drawings with
“recognizable” motifs is reproduced in Chapter 3.
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[Title page]
Repetmaiipe lakvordsabing i
A&swmu Conguininle Veeldichin R/:g;ular I,Dtn"lsmn ?f thgt plalnyc mt‘o
I) gebasnt of T e -y symmetric congruent polygons
y i e 1 Eofaaleosceis Il . i it 1) based on quadrilaterals pp. 1-29
5] e Mo 3 ok lin Mot Klesirian o con rusrticd a) with a minimum of 2 contrasting colors and one motif

L P Vae G Bl <o Buosin . - . 3
7 1 . b) with a minimum of 3 contrasting colors and one motif

N (transition from one system to another)
¢) with a minimum of 2 contrasting colors and two motifs
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S heriion inarm 3= of o) b- talige @35n
722V T

I) based on “triangles”; i.e.
systems in which 3- or (and) 6-fold axes

occur

The fold-out overview Escher’s overview diagram (next page) gives a
succinct visual summary of his classification of 24 types of two-color
tilings with one motif. His classification system for “regular divisions of
the plane based on quadrilaterals” depends on two characteristics of
such a tiling: the type of polygon in the underlying geometric lattice
(letters A, B, C, D, E) and the geometric transformations that relate a
single motif to its neighboring motifs (Roman numerals I through X).
The letter A denotes an arbitrary parallelogram (that is, two sides and
their enclosed angle may be chosen in any way); B any rhombus, C any
rectangle, D a square, and E an isosceles right triangle. In the overview
diagram, each individual polygon in a tiling represents a single motif
whose area equals the area of the polygon. The geometric transforma-
tions which send a motif onto neighboring ones can be inferred from the
markings inside the polygons and on their boundaries. Centers of half-
turns (2-fold axes) are marked with small circles and centers of quarter-
turns (4-fold axes) with small squares. The hook placed in each polygon
keeps track of the direction and orientation (image or mirror image) of
the motifs in a tiling. Escher’s assumption that motifs are asymmetric
necessitates such marking in a representation using polygons which
possess additional symmetry. This hook used to mark the tiles is evi-
dently Escher’s own creation; none of the technical papers on B. G.
Escher’s list uses such a marking in tilings. Instead, small circles (or in
one case, the symbol &), placed off-center inside a polygon tile, serve
the purpose of Escher’s hooks.

Summary chart, lower half of page 2 On this chart, Escher interprets the
symbolic markings seen in his fold-out overview and outlines in words
the geometric transformations that characterize each of the ten systems I
to X. For each system, he notes the number and location of 2-fold and
4-fold centers of rotation on the boundary of any single motif in a tiling
of that type, as well as the directions in which translations or glide-
reflections move a single motif to an adjacent one. In each tiling, every
polygon shares a common boundary with surrounding polygons of con-
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Overview of 10 asymmetric polygon systems, based on 5 groups of quadrilaterals with a minimum of 2 contrasting colors

A
Parallelogram
B

Rhombus

C

Rectangle

D

Square

E

Isosceles right triangle
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trasting color and touches others of the same color at its corners. Trans-
lations and glide-reflections in a transversal direction move a motif to an
adjacent one of contrasting color; the direction is parallel to a side of the
quadrilateral that represents the motif. Those in a diagonal (diametrale)
direction move a motif to one of the same color that touches a corner; the
direction is parallel to a diagonal of the quadrilateral that represents the
motif. Escher uses red lines to separate his ten systems into five groups;
the geometric transformations constraining the patterns within each
group are the same. His five “groups” correspond exactly to the five
symmetry groups of periodic plane patterns that do not contain reflec-
tions or three-fold rotations. The association is as follows: I, p1; 11, III, p2;
1V, V, pg; VI, VII, VIII, pgg; IX, X, p4.
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Transitional systems, pages 1-2 Here Escher briefly explains his method
of relating the “minimum two-color” tilings in his ten systems to “mini-
mum three-color”” tilings. In all ten systems, an even number of motifs
come together at any vertex, and so two colors suffice to distinguish
adjacent motifs. New periodic tilings may be derived from these by a
process of “transition,”” in which a piece of the boundary of each motif
undergoes the same modification. The new tiling obtained in this man-
ner has a single motif but requires three colors to distinguish adjacent
motifs; Escher calls it a “transitional system.” The geometric transforma-
tions which relate adjacent motifs in the new tiling are the same as those
in the original tiling, but the placement of rotation centers and directions
of translations and glide-reflections with respect to the boundary of the
new motif are not the same as with respect to the original motif. Further
modification of the motif (using the same process) can lead to another
new tiling requiring only two colors to distinguish motifs; it is one of
Escher’s ten systems. In this manner, one may begin with a two-color
tiling, create a transitional system requiring three colors, and end with
another of the two-color systems. Escher labels the three-color transi-
tional system obtained by this process with a hyphenated classification
symbol, such as IP-I*, which identifies beginning and ending systems.

His schematic chart at the top of his page 1 (right page) shows the
most common directions in which the transition process can take place.
Since his five groups of system types correspond to five different sym-
metry groups of periodic tilings, and since the transition process pre-
serves the symmetry group (in fact, uses the symmetries in the process),
system types within any one group may be transformed to others in that
group. However, it is impossible to begin with a system type in one
group and end with a system type in a different group.

Examples of transitional systems, pages 3-18 Escher carefully records
illustrations of the transition process for many pairs of system types in
each of the five groups. Only on the first page of examples does he
briefly explain how to follow the process in the picture. After that, ex-
cept for a few special observations, words cease and pictures alone tell
the story. In each demonstration, he outlines in red one polygon of the
underlying geometric lattice of the two-color system.

On page 3, Escher carefully demonstrates the process of transition
between two of the simplest systems, I#, with underlying geometric
lattices of parallelograms. In system I#, translations parallel to the sides
of the parallelograms move motifs to adjacent ones of contrasting color,
while translations parallel to the diagonals of the parallelograms move
motifs to ones of the same color that touch at a corner. The points la-
beled A, B, C, D are the same in his figures 1, 2, and 3; B and D are
vertices of all three tilings. The transition process uses point A (which is
on the boundary of a tile in figure 1) as a pivot point to transform the
piece of the boundary which joins A to B into a new piece, which joins A
to C. In figure 2, every motif in figure 1 has been modified in exactly the
same way as described for the single motif; now three tiles meet at
points B and D, and C is a new vertex of the tiling where three tiles also
meet. The polygons in figure 2 have three pairs of parallel “sides,” and
are sometimes called par-hexagons. This I*-I* tiling requires three colors

1
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Transitional systems with a minintunt of 3 colors.

[Escher’s text begins on the right page and continues

on the left page.] (continuation of the next page)

The 10 asymmetric polygon systems, subdivided into 5 The direction of the arrows indicates the most

groups of quadrilaterals, which can be made with a common direction of the transformation. Thus, I® always

minimum of 2 colors, are given once more above in a changes into TR T only exceptionally into I® (a rhombus is

simplified representation. always a parallelogram; a parallelogram only exceptionally a
That they can be made visible with a minimum of 2 rhombus). I[*, via the transitional system [*-* changes

colors means that at each of the 4 vertices of the back into I*. Because of the connections that are possible

congruent polygons, 4 polygons meet. By moving one or between the different systems, they can be dassified into

more lines that meet at a vertex, the system is 5 new groups: in each of the 5 groups it is possible to

transformed and there arise polygons of which 3 sides connect the systems within a group; two systems that

meet in a point. These transitional systems can be made belong to different groups cannot change into one

visible with a minimum of 3 colors. By moving the shifted another. The five groups are:

lines further in the same direction, their one end reaches

another vertex in which again either 4 or 6 or 8 sides of 4 [ 2 3 4 5

or 6 or 8 congruent polygons meet. The thus newly
formed polygons belong either to the same system or to a
system different from the one they first belonged to. The

1 11111 IvV-v VI-VII-VIII IX-X

above table shows the transitions from one system to The transitional systems also consist of 5 types, viz.:
another. E.g., 1" changes by shifting into the transitional
system IP-I* and this again into I*. 1 2 3 4 5
I-1 11-111 v-v VI IX-X
/ N\

(see continuation on previous page). VII— VI
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[Translation of summary chart, lower half of page 2|

On the following pages simple examples are given successively of all systems that belong in the 5 quadrilateral
groups, and also the transitions to other systems are made clear.

Characteristics of the 10 systems

[direction of] [location of rotation] [direction of]
system translations axes glide-reflections
1 in both transversal directions none none

and in both diagonal directions

I in one transversal direction 4: on the vertices, 2-fold
2: in the centers of parallel sides, none
2-fold
11 in both diagonal directions 4: in the centers of all sides, 2-fold none
)\% in both diagonal directions none glide-reflection in both
transversal directions
\' in one transversal direction none glide-reflection in one
transversal direction
glide-reflection in both
diagonal directions
VI in one diagonal direction 2: in the centers of two adjacent glide-reflection in one
sides; 2-fold diagonal direction
glide-reflection in both
transversal directions but only
in the direction of the sides
without rotation point
VII none 2: in the centers of parallel sides, glide-reflection in one
2-fold transversal direction
glide-reflection in both
diagonal directions
VIII none 4: on the four vertices, 2-fold glide-reflection in both
transversal directions
IX none 2 4-fold ones on diagonal vertices none

2 2-fold ones on diagonal vertices

X none 3 4-fold ones on the vertices none

1 2-fold one in the center of the hypoteneuse
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A: Parallelogram systems
fig. 1
fig. 2
fig. 3
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By moving point B via C to D with A as fixed center of
rotation, the line [segment] AB (fig. 1) is replaced first by
AC (fig. 2) and then AD (fig. 3).
Fig. 2 shows the transitional system between I* in
fig. 1 and I* in fig. 3. Since 3 congruent polygons meet in
point C in fig. 2, the minimum number of colors becomes

3.

A: Parallelogram systems

I8
2 ways of transition
[A-IIIA

exceptional case of [1I*: one side
[of the quadrilateral] reduces

to a point, where 6 polygons meet.
I

(here by chance III)
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B: Rhombus systems
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to distinguish between adjacent motifs. The transition process is re-
peated on figure 2 to turn it into figure 3: The boundary segment AC
pivots about A to form a new piece joining A to D. In figure 3, each tile
of figure 2 has been modified by replacing the portion of its boundary
corresponding to AC by one corresponding to AD. The new tiling is of
system 1%, but both the tiles and their underlying parallelograms are of a
shape different from those in figure 1. In the transition process, areas of
motifs (and their underlying parallelograms) do not change; Escher’s
drawing shows that new motifs arise from old by cutting off a corner
and then attaching that cut portion to another side (for example, triangle
ABC in figure 1 is detached and then reattached to the motif at D).
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C: Rectangle systems
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see p. 11 for another way of transition from 1" to IlI*

ik A

Escher’s transition process for systems II* and III* is on page 4.
Here, motifs are related to adjacent ones by half-turns or by translations.
The two systems are distinguished by the position of half-turn centers
on the boundary of each tile. In II*, every vertex of a tile is a half-turn
center, as well as the midpoints of two opposite sides, while in II#,
midpoints of all four sides, but no vertices, are half-turn centers. At the
top of the page, the same 11 tiling is shown twice. In the transition from
11 to II* on the left, the process explained on page 3 is applied to one
piece of the boundary of a tile; this also modifies another piece related to
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continuation of C: Rectangle systems
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same transitional

system! VIIC-VII¢

see pp. 17-18

See p. 14 for another way of transition from VI to VII”
VI

this one by a half-turn. Each tile in the transitional tiling 1I*-II* in the
center left panel has half-turn centers at two vertices and at midpoints of
three of its five sides. Continuing the transition process leads to a 111"
tiling with two special properties: The tiles have just three sides, each
with a half-turn center, and the underlying parallelogram happens to be
a rectangle. In the transition in the right column on page 4, Escher
makes separate modifications on two opposite edges of the original tile;
this leads to a transitional tiling II*-III"* in which each tile has six edges,
four of which have half-turn centers at their midpoints. On this single
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See pp. 7-8 for another way of
transition from 1I€ to [11*
see also p. 4 [IA-I1A
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page, Escher has an example of each of the five possible isohedral types
of asymmetric tiles which can tile the plane using only half-turns
[Schattschneider 1980]. Moreover, he shows how each can be obtained
from any of the others by his transition process. Curiously, he never
made an example with recognizable motifs of the transitional system
HA-IIA in the left column, in which each tile has five sides.
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continuation of D: Square systems
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VIP-vII©

VII©

VD

VD vB
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N.B. by chance the vertices
of the polygon [motif] and
system rhombus coincide.
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In the many demonstrations on his pages 3-18, Escher sometimes
arrives at the same transitional system after modifying different two-
color systems, and notes that fact. On page 17, he shows how to arrive
at a single transitional system, beginning with any of the systems VI,
VII, or VIIL
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Example to demonstrate that there is only

one transitional system which serves as the

connection between the systems
VI to VII and the other way around
VI to VIII and the other way around
VII to VIII and the other way around
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Asymmetric Polygon systems with [2] motifs
in a minimum of 2 colors,
based on quadrilaterals.

Asymmetric polygon systems with 2 motifs™ of different
shape and content can be formed by dividing the
congruent polygons of the systems with one motif, or the
transitional systems, into 2 unequal parts, in such a way
that at each vertex of the newly formed polygons again 4,
6, or 8 polygons meet. Here follows one example for each
of the 10 systems and for each of the 5 transitional
systems. The characteristics (translation, rotation, [glide-]
reflection) in these new 2-motif systems remain the same
as those of the one-motif systems from which they
originate. Variants of 2-motif systems originating from one
and the same one-motif system, are often possible (but
not always, e.g. from the transitional system [*-I*, see

p. 22, a 2-motif system can only be made by connecting
point A to point B*). On p. 24 are indicated 3 variants of
2-motif systems, all 3 arising from the same transitional
system [VE-VE.

*here always only 2-motif-systems in a minimum of 2 colors are con-
sidered!!

F) the word “motif” is used in the sense of: a certain polygonal form
that repeats itself in congruent shapes in the plane.

Two-motif systems, pages 20-29 Following a blank page 19, Escher ex-
plains and demonstrates how, by splitting each motif in a one-motif
tiling, a new tiling with two distinct motifs may be created in which the
symmetries of the new tiling are the same as those of the original. Such
tilings are currently termed 2-isohedral tilings. Escher considers only
derived tilings in which two colors suffice to satisfy his usual require-
ment that adjacent motifs be of contrasting color. His copybooks are
filled with trials of these; in fact the examples in this notebook are only a
sample of a much wider variety of distinct 2-isohedral tilings that he
discovered.

In about half of these tilings, Escher makes one motif a single color
and the other motif a contrasting color; this identification of motif with
color emphasized the contrast and duality in his prints (for example, Sky
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N.B. the vertices of the motifs need not coincide with N.B. the vertices of the motifs need not coincide with
those of a [system] rhombus, as is the case below. those of a [system] rhombus, as 1s the case below.
ve variant 1 1ve variant 2
Ve variant 1 Ve variant 2

and Water, Day and Night). Andreas W. M. Dress has classified and cata-
loged all such tilings, naming them “‘regular Heaven and Hell patterns”
[1986]. With one exception (VIB), Escher’s examples of this type are vari-
ant 2 of two or more variants of splitting the same one-motif system. On
some pages of the notebook, Escher pasted the variant 2 example as an
overlay on top of variant 1. In these cases, we show a photograph of the
whole notebook page with the variant 2 splitting and in a separate pho-
tograph show the variant 1 splitting that is covered by the overlay. In
1963, at the request of Carolina MacGillavry, Escher made a two-motif
pattern missing from the notebook examples (see notes on drawing 115).



et 3 w ke Yol Vom €l 2 hotap S 2
2, ks ey yrom (D@D <4
wd gragrprat. M 20estaray g

W e Brar o

Cscpmipe i, Ipessling,

TR T e, bk

e Mk Lt i

il 2.2hy 0w § ol P Hommn
¥ Funtigaren  ade Moo
Ut rrthoms Carn

Voriwkd ’ e e e s ]
¢ . AN e 7 A e

Y hrysin
X i B v G b,

. =
pid 3 ;e etis o f el f1btma

variant 1

IvVB-y© variant 2

variant 3

THE 1941 1942 NOTEBOOKS 73

three variants of a 2-motif system

with the transitional system IVE-V©

as starting point. As such the characteristics
(translation, [glide-]reflection, [rotation]axes)
of the systems IV® and V< are preserved

in all 3 variants. With regard to color and
mutual position of the motifs a and b

there are the following differences:

variant 1:

1) both a and a’ as well as b and b’ occur
alternately in both colors.

2) a and a’ are both completely separate from each
other and from their own repeats.

variant 2:

1) a and a’ occur only in one color; b and b’ only in
the other [color].

2) a and a’ touch each other and their own repeats
at the 4 vertices.
The same goes for b and b’.

variant 3:

1) both a and a’ as well as b and b’ occur
alternately in both colors.

2) a and a’ are separate from their own repeats,
but share 2 sides as a common boundary.
The same goes for b and b’
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In all Escher’s other notebook examples of two-motif tilings, each
motif occurs both in black and in white; color symmetries of the tiling
can exchange any pair of congruent motifs of contrasting color. He gives
19 distinct examples of such tilings in the notebook; later he made other
examples not in the notebook (for example, drawing 126). The classifica-
tion of two-color, 2-isohedral tilings with color symmetries is an active
area of mathematical research.

On pages 25-26, Escher shows splittings of the three systems VI®,
VIIS, and VII® and their transitional system. He observes in three in-
stances that two different one-motif systems lead to the same two-motif
system. In his overlays, he indicates how the variant 2 examples can
arise from either of two systems; in the bottom strip on page 25, his
two-motif tiling which can be obtained from VIII® or VII€ is geometri-
cally the same as the variant 2 example in the middle of that page. On
page 29, he summarizes his observations systematically in a single picto-
rial representation.
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variant 1

V-V

variant 1

variant 2

variant 3

variant 4

variant 2

variant 4

Essay on use of regular division of the plane as surface decoration
Escher’s insistence on living creatures as motifs posed unique problems
not encountered with purely geometric decorative art. The position of
the viewer relative to a decorated surface, as well as the familiarity of the
view, are important for recognition and acceptability. His choice of mo-
tifs and of particular designs for use in murals, on ceilings, and even in
graphic works was always guided by these principles. Chapter 4 con-
tains some quoted passages from Escher’s Regelmatige viakverdeling on
these and other concerns; see also the notes on drawing 91.



The Regular Division of the plane used in surface
decoration.

The regular division of the plane can, for aesthetic
purposes, be applied to decorate an arbitrary surface.

In the regular division of the plane the drawing
surface is infinite in all directions, while a surface that is
to be decorated in an aesthetic way a) is usually bounded
on all sides, b) sometimes has a partial boundary (a
cylindrical surface, for example) and c) can in just a few
cases be called unbounded; a spherical surface, for
example. A sphere has an ideal surface to which to apply
the regular division of the plane.

When it comes to decorating a cylindrical surface, e.g.
a vase, then a border must be found for the two edges
that lie opposite each other, and the plane, infinitely
extending in all directions becomes an infinitely extended
band.

Usually, however, the surface to be decorated is
bounded on all sides, namely in a rectangular way, so
that an aesthetic rectangular border has to be found.

Since the regular division of the plane is based on the
periodic repetition of one or more motifs, it lends itself
particularly well to an application that is carried out in a
technique in which repetition plays a logical role, e.g.
stenciling; mosaics in all kinds of materials (terracotta,
metal, wood); printed or woven fabrics.

When the form of the repeating motif, or motifs, is a
purely geometrical one, then the question of whether the
drawing surface is to be placed horizontally or vertically
may be important from an aesthetic point of view, but
from a logical point of view it does not matter: a
mathematical figure can be viewed aesthetically from
whatever side one looks at it.

[Next page]

Thus in the Moorish palaces in Spain and North Africa
one often finds one and the same decoration, based on
regular division of the plane and carried out in terracotta
mosaic, serving both as floor covering and as wall
covering, which is perfectly acceptable from a logical point
of view.

However, the question of whether the representation
is placed horizontally or vertically becomes more
important when the motif on which the regular division of
the plane is based, has the form of—or evokes in the
spectator the association with—a living form occurring in
nature, e.g. an animal or plant. Where an animal shape
which serves as a regularly recurring motif is concerned,
then we must in the first place distinguish the animals
whose most characteristic shape or silhouette shows when
seen from above (so in a vertical direction) from those
seen from a side or from the front (so in a horizontal
direction). A horse-silhouette is more characteristic when
seen from a side than from above);* a characteristic horse-
silhouette as a regularly recurring motif in a surface

THE 941 1942 NOTEBOOK
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decoration is therefore more logical when applied to a
vertical surface than to a horizontal surface, because one
can look at the horizontal surface from all sides, and an
“upside down horse” is an absurdity.

On the other hand, an animal of which the most
characteristic silhouette shows when it is viewed from
above, e.g. a lizard, lends itself as a motif to decorate
both a vertical and a horizontal surface; from whatever
side one looks at it, it always remains logically acceptable.

The decoration of the vertical surface, which in
practice occurs more often than that of floor or ceiling,
deserves still further consideration.

Of the systems for regular division of the plane, some
are based only on [glide-]Jreflection and (or) translation,
while in other systems rotation also occurs about axes that
are perpendicular to the drawing surface. This distinction
of 2 groups of systems is of special importance for
application on a vertical surface.

*What's more, people usually look at it in a horizontal direction,
since man and horse are about the same height.
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[Right page]

When no rotation takes place (so only translation or
(and) [glide-Jreflection), then it is logically acceptable to
use animal motifs whose most characteristic silhouette is
the side-view (e.g. horse), or the front-view (e.g. person),
and also those viewed from above (e.g. lizard). When a
rotation does take place, then the only animal motifs which
are logically acceptable are those which show their most
characteristic image when seen from above. From this it
follows that the systems without rotation are more
important for decoration of vertical surfaces than those
with rotation.

In the animal shapes appropriate for surface
decoration another distinction can be made, viz. the
animals that are found and which move only on the
surface of the earth (most mammals) and those that do
not need the surface of the earth as support (birds and
fish). The latter group in general, both on the horizontal
and on the vertical plane, lends itself better than the first
group to surface decoration based on regular repetition.
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The animals of the first group are not conceivable without
a supporting surface, unless they are viewed from above,
so that the supporting surface can be considered to be
present without being visible in the drawing; the animals
of the second group, however, gliding either in water or
in the air, need in no case the suggestion of a supporting
surface, because they are supported invisibly.

VIII-'61 I have in later years developed more clearly these
reflections from 1941, for example, in the book “Regel-
matige vlakverdeling.” In particular the most

fascinating aspect of play with repeating recognizable
figures (motifs): the question: exchanging the function of
“object” and “ground” is not yet mentioned here. This
aspect became clear to me only in talks and correspon-
dence with the ophthalmologist Dr. Wagenaar in Utrecht,
in 1955.
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II “Triangle” systems. (1942)

In this category are placed the systems in which 6-, 3-,
and 2-fold axes can arise. They will be treated here as a
separate group because their character, determined by the
6- and (or) 3-fold axes which always occur and which
never exist in the quadrilateral systems, is completely
different from the latter.

The name “triangle”” system is given because the
equilateral triangle (or 6 equilateral triangles which
together form a regular hexagon, or 2 equilateral triangles
which together form a rhombus) is instantly recognized.

In the “triangle”” systems, translation and glide-
reflection are completely absent. Their characteristics are
defined solely by the [rotation] axes, and because of that,
they are divided into two main groups A and B.

In system A, only 3-fold axes appear, arranged in the
following way:
(a 3-fold axis is marked by the symbol A\,
a 6-fold [axis] by the symbol (),
a 2-fold [axis] by the symbol ().)

In system B, 6-, 3- and 2-fold axes appear, arranged in the
following way:
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The systems with a central [rotation] axis are indicated as
type C; although these type C systems are little used in
the practice of regular division of the plane, they are
mentioned here because they are the primal types from
which all other ones spring. For example: from I A; type
C, spring both I A; type 1 and I Az type 2, namely by
connecting the central threefold point of rotation with
points lying on the boundary of the motif. The two-motif
systems in turn spring from the one-motif systems by
division of the motif into two unequal parts that can be
made visible in a minimum of two or in a minimum of
more contrasting colors.

In the “triangle” systems the minimal number of
colors is usually three, a consequence of the threefold axis
that is never absent. We pay special attention to the types
in a minimum of two colors because these are so
important in practice. Only occasionally will types occur
that cannot be made visible with fewer than 4 colors, e.g.

I A, type 1.

Types with more than two motifs will not be dealt
with here, as well as those in which more than 6 motifs
meet at one vertex.
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3 motifs
each of a different color

I A; type C; 1 Az type 1
I A; type 2 I Ay type 1
II' A; type 1 Il A5 type 2

Triangle systems Escher’s explanation of the triangle systems is straight-
forward and brief. His contention that translations and glide-reflections
are entirely absent from such tilings must be read in his context: He
assumes that motifs have no reflection symmetry and he considers only
geometric transformations that move a motif to an adjacent one. Here
there are no summary charts of characteristics of the various types; all
information must be read from the visual examples. These are marked
with the symbols for 2-, 3-, and 6-fold rotation axes that Escher no doubt
saw in P. Niggli’s 1924 article included on B. G. Escher’s list; that article
immediately follows Polya’s in the same journal. Each of Escher’s exam-
ples is colored to meet his requirements for minimality and contrast and,
in addition, each coloring is perfect, compatible with all symmetries of
the design. By comparing the examples, his notation for individual
types can be decoded. Each sequence of notation goes as follows: num-
ber of motifs (I or II), system (A or B), number of colors (2, 3, or 4), type
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I B3 type Cy I B, type C; I B, type 1
I B; type 1 I B; type C; 1I B, type 2
I B; type 2 1B, type 1

(1, 2, 3, 4; that is, first, second, etc.).

It is interesting that for the triangle systems Escher recognizes mo-
tifs with central symmetry (type C). These were not considered in his
quadrilateral systems with 2-fold and 4-fold rotations even though they
are in Polya’s illustrations, which Escher copied. Every one of Escher’s
illustrations for triangle systems A and B is obtained by splitting the
motif in a type-C tiling for that system. His exclusion of tilings in which
12 motifs meet at a vertex was probably due to the difficulty of realizing
such an example with recognizable motifs. Such a two-motif tiling is
easily obtained from his I A; type 2 example: Split the motif by joining its
two vertices at which six motifs meet.

The loose sketch, which shows two different designs with three
motifs was inserted in the notebook but not recorded on its pages; Es-
cher decided not to pursue designs with more than two motifs.

941
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II B; type 1
I B; type 2
II B; type 3
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1)

triangle system

3 motifs
minimum 4 colors

2

) Baarn IX-41

The abstract motif notebook On the cover of the abstract motif note-
book, Escher wrote the title

Regular Division of the Plane
Abstract Motifs
Geometric Problems

Escher kept this notebook to record examples of tilings with purely
geometric motifs as well as some of his observations about special geo-
metric configurations, segregating them from his examples of regular
division of the plane with “recognizable’” motifs. (Those drawings are
reproduced in Chapter 3.) Most of the 11 numbered watercolor designs
are Moorish in flavor, and there is no question that Escher’s collection of
copied patterns was one source of ideas. These are, however, his own
designs, arrived at by experimenting with shapes formed by line seg-
ments which connect certain points of simple grids of equilateral trian-
gles or of squares. Escher has followed his coloring rules in all the de-
signs; more information on their symmetry and coloring may be found
in the Concordance.
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(2)

System VII©

VIII "44: Appears to be one of the ten arrangements in
which an arbitrary triangle fills the plane (see “tiles”)

) Baarn 41

construction of improved triangle (Abstract motifs no. 2)
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(5) Baarn IX-'41

(3)

triangle system
minimum 3 colors
one motif

Drawings 1, 3, 4, 5, 7, 8, and 9 are each based on a triangular grid;
the 60° and 120” angles of the underlying lattice are clearly visible in the
contours of the motifs in drawings 3, 4, and 5. In the other four patterns,
one can discover the simplicity of the geometric structure of the design
by connecting adjacent 3-fold rotation centers which form equilateral
triangles. (In drawing 7, such triangles connect a 6-fold center to two
adjacent 3-fold centers.) Drawing 1 is one of two designs with stars and
diamonds that Escher created; a second was the source of a pattern of
flowers and leaves (page 107). Drawings 4 and 5 can each be derived
from the same line drawing of six-spoked pinwheels and can each be
viewed as though etched in stucco or seen in raised brickwork, common
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Tile floor or wall covering to be executed with square (6)
majolica tiles Rome 1926

(copied in this notebook 1V "42)

In total, 4 types of tiles are needed—2 for the center
filling and two for the border:

A A’ <« center-filling
B B < border

For the painting of the tiles, only 2 stencils are needed:
one can serve for both A and A’, and the other for B and

B'.
When the filled center portion is viewed as one
rectangle whose length and width are each
—  determined by a number of tiles which is divisible
E by 4, then the entire composition is filled by 2
Ec lines, each of a single color, beginning in one corner
5 and ending in the diagonally opposite corner.

For the composition shown facing here —
the manner in which the tiles are to be placed is as
follows —

In 1926 the majolica factory of Avalone in Vietri-sul-Mare
delivered tiles for the [floor] covering of the hallway (in

red and blue) and of the studio (in green and brown) to
the apartment of M. C. Escher in Rome, via Alessandro

Poerio 94, Monte Verde.
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A

(7) Baarn X-'42 (8) Baarn X-'42

triangle system 9) Baarn X-'42
2 motifs-3 colors

triangle system
s 3 motifs
- 3 colors

triangle system
3 motifs
2 colors

in Moorish ornamentation. In drawing 4, the six-spoked motif is white
(raised), outlined in black (shadow) and a kind of figure-ground reversal
produces drawing 5, in which three-armed propellers are white, and six
of them (outlined in black) rotate about a single point. Drawing 6, based
on a square grid, is Escher’s own design for floor tiles for the family
apartment in Rome; similar interlaced meanders can be found in the
Alhambra. Note that the path of the light-colored ribbon, which begins
at the upper right, has been traced in pencil to its end at the lower left.
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(10) an
triangle system Baarn X-'42 triangle system Baarn X-'42

Drawings 2, 10, and 11 did not have a Moorish source, but were the
result of Escher’s own geometry investigations. On the page facing
drawing 2, his sketch reveals how this design of right triangles can be
obtained by overlaying two copies (one red and one blue) of the same
tiling by rectangles. His selection of the single triangle for the tiling in
drawing 2 is shown in heavy outline on the sketch. For the drawing, he
constructed a special right triangle whose hypoteneuse and short leg are
in golden ratio (see inset). This type of triangle tiling can be seen under-
lying Escher’s design with lizards (drawing 33); he also proposed bank-
note background using the triangle with decorative motif (see drawing
A7). His comment “see tiles”” refers to his enumeration of tilings by a
right triangle. To make drawings 10 and 11, Escher exploited properties
of a special hexagon tiling described in a theorem (page 90).
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Theorem

In an arbitrary triangle, one divides any side into 5 equal
parts, a different side into 4 equal parts, and the
remaining side into 3 equal parts. If one connects mutual
points of division with each other and with the vertices,
then 3 of the connecting lines intersect in a single point in
such a manner that the connecting lines are divided into
two parts by the point of intersection the ratio of which
can be expressed by small whole numbers. In total, there
are 17 cases of 3 concurrent lines. (See facing page.)
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Group I 2 cases: 3 lines begin at the 3 vertices.
Group II: 4 cases: 2 of the 3 lines begin at vertices.
Group III: 8 cases: 1 of the 3 lines begins at a vertex.
Group 1V: 3 cases: no lines begin at a vertex.

/Note: the 3 intersection points of cases 4,
[diagram] 5, and 13 all lie on a single line and
8 &

divide it into 4 equal parts.

(AB = BC = CD = DE)

This theorem was one outcome of Escher’s experiments in 1944 to
create continuous all-over patterns by repeatedly printing a design
carved in a 3:4:5 right triangular block (see page 50). To create the de-
sign in the triangle, he divided the sides into three, four, and five units,
corresponding to their lengths, and then connected three pairs of divi-
sion points with line segments or with curves. His observation that tri-
ads of line segments were sometimes concurrent (intersected in a single
point) evidently led to a systematic investigation of triads that connected
such division points on the perimeter of an arbitrary triangle. His work-
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book with trial sketches for the carved design also contains his first
enumeration of these 17 cases of concurrency of triads of lines. For
Escher, visual verification sufficed as confirmation of this theorem; he
lacked the knowledge for a traditional mathematical proof. Using a gen-
eralization of Ceva’s Theorem [M. Klamkin and A. Liu 1991], A. Liu has
verified that Escher found all possible cases of concurrency in which not
all three lines have an endpoint at an interior division point on the same
side of the triangle (all but cases 7, 10, 15, 16, and 17).

89



90 HAPTER

AN
Sl hpunt A v cn G v dpe dhwheck A BC
Lusr ven i Zon AF V0 anlle Rerss, '« et 49 o by Lo,
AL Gngin dan A Lo 5 BE Sy,
AD  AF L Fad. i’
2D BE L DBE nf
CE CF L LCF 120°
(b vk am Lt rex bl Civtn ot r Bl
e G ADDECF il ooty Neainner <hniprn & <
de diasoradin AE,BF 0 CD bngitn, clhan: st i S, /
- ¢ (
_ den—otiy =14
= =
NE \
Theorem o
From vertex A in an equilateral triangle ABC, one draws a o
line AF of arbitrary length and direction. (AF could, for 4@ Sl
example, be longer than AC and intersect BC.) / il
AD = AF; ZFAD = 120° 3 |
BD - BE; £DBE = 120° ¥, f
CE = CF; ZECF = 120° /
(The plane is completely filled by congruent hexagons of - 0 e I == \\
the form ADBECF arranged as in the picture shown here S L \/ 3
[on the facing page].) /
/ \

The diagonals AE, BF, and CD intersect in a single point S.

Escher discovered this theorem as he explored the properties of
tilings with a special hexagon described in Haag's 1923 article (see page
29); that article says nothing about the concurrency of the diagonals of
these hexagons. Escher’s observation was correct, but he was unable to
prove it. His son George pointed out a different way to construct the
hexagon: Begin with any triangle (DEF in Escher’s diagram) and con-
struct outward on each of its three sides similar isosceles triangles with
vertex angle 120° (at A, B, C). It can be proved that the diagonals of the
hexagon ADBECF are concurrent for any chosen angle at A, B, C; when
that angle is 60°, the result is known as Napoleon's theorem. Escher’s
tilings 10 and 11 in this notebook are carefully constructed using proper-
ties of his hexagon tiling shown here. In drawing 10, Escher forms new
hexagons with inscribed equilateral triangles by joining the points S (at
which the diagonals are concurrent) and corresponding vertices of three
hexagons which meet at a 120° angle. In drawing 11, he overlays four
copies of the hexagon tiling shown with the theorem; in each layer, the
hexagons are outlined in a different color. In the web formed by the
overlays, sides of hexagons of three different colors are concurrent at a
surprising point: the center of the nine-point circle of triangle DEF. ]. F.
Rigby [1991] discusses Escher’s theorem, provides proofs, and analyzes
Escher’s related tilings.
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Regular division of the plane by similar figures of which a. With 2 pairs of symmetry axes that intersect in the

size and contents rhythmically diminish in size, receding center. The axes in each pair are perpendicular, and the

toward the center. two pairs intersect each other at a 45° angle. (“square”
system)

Similarity Designs These facing pages show five pairs of related de-
signs, all having the kaleidoscopic symmetry of a quilt square. For con-
venience we refer to the numbers shown in the diagram at right. All the
designs have four axes of reflection symmetry—the side bisectors and
the diagonals of the square. These reflections are color preserving in
designs 1, 2, 3, 4, and 5 and color exchanging in designs 1', 2 and 3’;
they do not induce a uniform change of colors in 4" and 5'. All patterns
are superimposed on themselves by a central similarity which shrinks
(or enlarges) all motifs by a factor of 2, moving them toward or away
from the center along the reflection axes. In designs 1, 1', 2, 2', 3, and 3’
this similarity preserves colors; in 4, 4', 5, and 5' it induces a cyclic
permutation of the colors. A spiral similarity, combining a 45° rotation
with a central similarity which shrinks (or enlarges) the motifs by a fac-
tor of V2 also superimposes each pattern on itself. In design 2 this
similarity preserves colors, while in 1 and 3 it interchanges colors; in 4
and 5 it induces a cyclic permutation of colors. This same similarity is
color preserving in designs 1’ and 3', while color exchanging in 2'; it
does not induce a uniform change of colors in 4’ and 5.

1

2
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o
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Entwined circular rings A: Four-fold axes at each center point.
Iz\
For each ring, the maximum thickness is taken. .
The distance between centers fof the circles] is constant minimum 1 color
H A A A A . .
in 12, II*, 14, and IVA. ¥ A — thlckness\
minimum 2 colors

A max. thickness -

minimum 4 colors
vA max. thicknoss\

minimum 8 colors

Escher undoubtedly saw interwoven circles in several Moorish de-
signs; even when not visible, they are implicit in the geometric structure
of most of those patterns. Several of the articles on Beer’s 1937 list of
references provided to Escher also show periodic patterns of packed
circles and of intersecting circles. Escher probably intended a second
careful display (to be called B) of interwoven circles based on a triangular
grid; some of his loose sketches of these (shown on page 93) were in-
serted in the notebook.
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Eschier's theory in relation to mathematical and crystallographic
classification

One of the most obvious properties of crystals is that in nature they
often grow in packed formations. However, this is not the kind of pack-
ing that is of most interest to the crystallographer; it is the packing of
atoms and molecules inside the crystal that receives greater attention. A
crystal’s molecular structure is one which consists of a vast array of
regularly spaced atomic motifs; for all practical purposes, it can be con-
sidered as an infinite repeating pattern, reaching in all directions, to fill
space. The two-dimensional analog of this model is a pattern in the
plane in which a motif repeats regularly in at least two directions. These
“periodic patterns” in the plane, like atomic patterns in a crystal, are
characterized by the property that there exists a small block of the pat-
tern (consisting of one or more copies of the motif) that can fill out the
whole pattern simply by repeated application of translations in different
directions. During the nineteenth century, the fundamental problem for
crystallographers was to find a complete characterization of all the possi-
ble ways in which these periodic arrangements can occur. Once the
solution was found (about 100 years ago), every such pattern or packing
could be assigned a label according to the categorization of all possible
types.

The mathematicians’ interest in periodic patterns arose from a dif-
ferent fundamental concern. Their basic question was, “What properties
of objects remain unchanged after they have undergone some geometric
transformation?”” This question can be turned around, “What geometric
transformations can be performed on an object which leave particular
properties of the object unchanged?”” When the object is a periodic pat-
tern in the plane, the question becomes, “"What are the geometric mo-
tions (isometries) that will exactly superimpose the pattern on itself?”
Although these motions will usually change the position of each motif in
the pattern, the appearance of the whole pattern after each motion looks
exactly as it did before the motion took place. Such motions are said to
leave the pattern invariant; they are called “symmetries” of the pattern.
The collection of all symmetries of a given pattern is called the “symme-
try group” of the pattern. Here, the word “group’ is not just a descrip-
tive term for a collection, but also a technical term for a collection with a
rich mathematical structure which can be analyzed and utilized quite
apart from any pattern.

The solution to the crystallographers’ classification problem was
first published in 1891 by the Russian scientist E. S. Fedorov; subse-
quently several other mathematicians and scientists also published solu-
tions to the problem for three- or two-dimensional periodic patterns.
Pélya’s published solution in 1924 to the two-dimensional problem indi-
cates that he was not aware of earlier solutions. The mathematicians’
solution was to enumerate and characterize all possible symmetry
groups of periodic patterns; in the plane there are just 17 of these. When
artistic patterns which repeat regularly are classified according to sym-



THE

metry groups, all artistic detail and information in the pattern that does
not conform to the unbending mathematical laws of groups is sup-
pressed.

Crystallographers use the symmetry group of a pattern in their clas-
sification scheme; it is based on the identification of an underlying geo-
metric lattice of the pattern related to its translation symmetries and the
location, in relation to this lattice, of centers of rotation, axes of reflec-
tion, and axes of glide-reflection. Several sources which explain the clas-
sification systems of mathematicians and crystallographers are given in
our bibliography. The most comprehensive reference for all aspects of
the subject is Tilings and Patterns, by mathematicians Branko Griinbaum
and Geoffrey Shephard.

Escher’s “layman’s theory” differs in many respects from the classi-
fication theory of the scientists. Although the geometric motions are of
fundamental importance, and a simple underlying geometric grid is uti-
lized by both Escher and the scientists, his questions and definitions are
markedly different from theirs. Moreover, his theory has several addi-
tional concerns that are not part of theirs.

The crystallographers’ and mathematicians’ quest is for a logical
analysis of a given structure; Escher’s quest was to discover the various
ways in which to create original periodic patterns in the plane. They
always begin with a pattern; he always began with a blank sheet of
paper. Their point of view is a global one—what is the structure of the
whole molecular array and what are the symmetries of the whole pat-
tern? Escher’s view was a local one—how can a single motif be sur-
rounded by copies of itself? When the scientists began using Escher’s
periodic designs to illustrate their theories, they did not realize that it
was his own theory that had led to the creation of those designs.

What Escher called a motif—a living, recognizable shape—has
come to be called a “tile” by mathematicians, to distinguish between
shapes that interlock to fill the plane without gaps and those “motifs,”
like polka dots, which are sprinkled regularly but sparsely on a blank
background to form a periodic arrangement. What Escher called a regu-
lar division of the plane is now commonly called a “tiling of the plane.”
For a mathematician, the word “regular”” usually means that if any two
congruent tiles are chosen in the tiling (of any distance apart from each
other), there is always a symmetry of the tiling that will move one of the
chosen tiles exactly onto the other. (Tilings with this property are also
called “isohedral”; the symmetry group of such a tiling acts transitively
on the sets of congruent tiles.)

Every one of Escher’s periodic drawings, with the exception of
number 137, satisfies that criterion of regularity. But not until very re-
cently was it established by the Russian crystallographer B. N. Delone
and his colleagues that Escher’s local point of view would always lead to
a plane pattern with that special property. In her article “Geometry and
Crystal Symmetry,” mathematician Marjorie Senechal discusses the
connection between local and global symmetry properties of patterns in
the plane.

Escher’s print Liberation has been described by crystallographer
Peter Engel as a visual depiction of Escher’s local point of view:

941 1942 NOTEBOOKS

Liberation. April 1955. Lithograph,
434 X 199 mm (cat. 400).
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From bottom to top it shows the metamorphosis from inorganic mat-
ter to birds. As the birds are completely developed and emerge on the
surface they are liberated. We may also give an opposite interpretation: the
birds flying in at random find places on the surface where they fit exactly.
Thus the plane tiling is growing continuously. This corresponds to crystal
growth. Clearly the birds do not know the symmetry group, but they
recognize the vacancy where they fit in. [Engel, 1986, page 47]

The geometric grid crystallographers associate with a periodic de-
sign for the purposes of classification is not the same one Escher chose.
In analyzing a periodic pattern, the crystallographer first identifies its
translation lattice. This is a grid of congruent parallelograms which
might have no special properties, or might be squares, rectangles, rhom-
buses, or fused equilateral triangles, depending on the pattern. This
lattice is obtained by taking a single point in the pattern and finding all
repetitions of that point which occur in exactly the same way. For exam-
ple, in Escher’s periodic drawing 7 of squirrels (page 121), one can
choose an easily identifiable point such as the tip of the nose of a squirrel
facing left; the translation lattice of this pattern consists of all of the
points in the design which are tips of noses of squirrels facing left. (Here
the coloring of the squirrels is not taken into account.) One can generate
the same lattice by choosing any point in the pattern and applying to it
all of the translations which leave the pattern invariant; the lattice is the
array of images of the chosen point.

In the crystallographers’ translation lattice, the parallelograms are
called “unit cells”; they usually contain more than one asymmetric
motif, whereas Escher’s lattice polygons contain only one. The fractional
part of their unit cell that would represent a single asymmetric motif in a
periodic pattern is what mathematicians call a “fundamental domain.”
In Escher’s drawing 7 of squirrels, two squirrels occupy a unit cell of the
crystallographers’ lattice; in this case, a fundamental domain is half a
unit cell. Escher’s own geometric grid can be seen in this design of squir-
rels; each of his parallelograms is equal in area to that of a single squirrel,
and two of his parallelograms join to form the crystallographers’ unit
cell.

Escher’s rule for the association of a particular geometric grid with
each of his regular division drawings differs in another fundamental
way from that of the scientists. Escher used the exact shape of the poly-
gon in his underlying geometric grid to categorize an interlocking design
of recognizable forms, whether or not the design displayed all the sym-
metries possessed by that grid. The crystallographic categorization of a
periodic pattern depends purely on the symmetries of the pattern; the
exact shape of a lattice unit is only secondary to these considerations.

We can use Escher’s teaching example of five different regular divi-
sions of the plane (page 35) to illustrate how his association of a geomet-
ric grid to a design differs from that of crystallographers. For Escher, all
five designs in this example have the same underlying grid of squares,
and each motif is equal in area to one square in that grid. For the crystal-
lographer, these five patterns have translation lattices with unit cells of
five different sizes and descriptions. Only in the first example, the pat-
tern having just translation symmetry, does their lattice coincide with



1 (o) =

Escher’s. In this example, however, they would identify the lattice as a
parallelogram lattice, rather than one of squares, because the pattern’s
symmetries are only those of a parallelogram grid. For the other four
examples, a rectangular unit cell would consist of a block of two or four
motifs, with one motif in each different direction (corresponding to
Escher’s different number labels). Only in the second pattern would the
lattice be identified by a crystallographer as a square lattice: the 4-fold
rotations in this design mandate that special shape for the unit cell. In
each of the five patterns, a single one of Escher’s motifs is a fundamental
domain for the unit cell.

Escher’s recognition of the exact shape of the polygons in his under-
lying grids was not just a layman’s literal observation. Noting the exact
shape was important for the design’s practical uses. For example, pat-
terns based on square grids can be easily translated into works whose
components are manufactured as square tiles of porcelain or concrete.

In three major aspects, Escher’s theory addressed questions that
were ignored by the crystallographers and mathematicians:

the process of transition which changed the shape of the motif
in a regular division of the plane but did not change the symmetries
of the pattern;

the creation of patterns with two distinct motifs, beginning with
a one-motif design; and

the coloring of the regular divisions of the plane in a systematic
way.

His idea of linking different pattern types by the dynamic process of
transition is one which has not yet been explicitly explored by scientists.
His chart on page 1 of the notebook (page 60) shows his recognition that
it was possible to move by the transition process between certain of his
systems and impossible to move between others. Five groups were
formed in which transition between systems was possible; this shows
his fundamental understanding of categorization by symmetry groups.
His five “groups” (separated by red lines on his chart of transitions) are
the symmetry groups with crystallographic notation p1, p2, pg, pgg, and
p4. These are exactly the symmetry groups with no reflections and with
either no rotations, 2-fold rotations, or 2-fold and 4-fold rotations.

Escher’s motivation for introducing the concept of transition was
related to his concern for coloring his patterns so that no two adjacent
motifs shared the same color. His classification of regular divisions of
the plane with one motif, based on an underlying quadrilateral grid (as
shown in his overview chart) only considered patterns in which an even
number of polygons met at each vertex and hence could always be col-
ored with two colors. He needed a way to categorize designs in which
three motifs share portions of each other’s boundary and meet at a com-
mon vertex; such designs require three colors to satisfy his coloring crite-
rion. In order to relate such patterns to the systems requiring only two
colors, he considered three-color patterns as “transitional,” or halfway
between, two of the two-color systems. The symmetries which related
an individual motif in one of these transitional systems to those motifs
which surrounded it were a selection or combination of those in the
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related two-color systems. The notebook shows that he discovered that
this categorization of three-color designs was not without ambiguity; he
learned that he could arrive at the same transitional system taking differ-
ent systems as starting points. (Note his remarks on notebook pages
7-14 and 17 for example.)

Escher’s exploration of possible patterns with two different motifs
created from a one-motif periodic pattern by splitting each motif into
two noncongruent parts (pages 20-29 of the notebook) has only very
recently been taken up by mathematicians. His desire to give visual
expression to both real and philosophical contrasts, to juxtapose oppo-
sites, and to depict interlocked life forms no doubt spurred this investi-
gation. It is interesting to note that although he was aware of the regular
division of the plane with one motif based on an irregular hexagon with
three pairs of parallel sides in which three motifs meet at each corner
(type I2-I* on page 3 of his notebook, page 62), Escher never produced
such an example for his collection of numbered regular division draw-
ings, nor any other execution of this type. However, many of his works
show two interlocked motifs obtained by splitting this one-motif transi-
tional type; the design with two motifs, which he also labeled I4-1#, can
be colored in two contrasting colors (page 22 of his notebook, page 71).
The earliest of these are the drawings numbered 18, used in the graphic
work Day and Night, and 22, used in Sky and Water, all created in 1938
(see pages 130 and 133).

Escher’s inclusion of color, and particularly his consideration of the
distribution of colors in his periodic drawings as an inseparable part of
his theory, is the most significant original aspect of his research. At the
time he was developing his theory, color was not recognized as having a
role in the crystallographic theory of classification. The need to consider
the coloring of periodic patterns with two colors and investigate symme-
tries which either preserved the coloring or interchanged the two colors
was only widely recognized by crystallographers in the early 1950s; in-
vestigation and development of a theory of periodic patterns with three
or more colors came even later.

Escher and the scientists on contrast and color

From the very beginning, Escher’s theory of regular division incorpo-
rated the element of color contrast of adjacent motifs; to him, this was a
natural and self evident constraint for all such patterns. Individual mo-
tifs had to be recognizable and should have equal value; motifs of one
color should not dominate motifs of a contrasting color. To achieve both
objectives, colors should have sufficient contrast and equal brightness.
Much of his correspondence with manufacturers of materials for com-
missioned work shows his insistence on just the right contrast in tones
of paint; he even refused to accept different degrees of shine in the
glazes of black and white on tiles containing his designs.

In an essay entitled “Wit-grijs-zwart” (““White-gray-black”), pub-
lished in 1951 in De Grafische (The Graphic Arts), the newsletter of the
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society of graphic artists to which he belonged, Escher wrote on con-
trast:

Life is possible only if the senses can perceive contrasts. A
“monotonal’” organ sound that is held too long becomes unbearable for
the ear, as does, for the eye, an extended solid-color wall surface or even a
cloudless sky (when we are lying on our backs and see neither sun nor
horizon). . . .

Isn’t it fascinating to realize that no image, no form, not even a shade
or color “exists” on its own; that among everything that’s visually observ-
able we can refer only to relationships and to contrasts? If one quantity
cannot be compared with another, then no quantity exists. There is no
“black” on its own, or “white” either. They only manifest themselves
together and by means of each other. We only assign them a value by
comparing them with each other.

In the same essay, he addressed a basic issue in the graphic arts:
where one should start when making a black-and-white representation.

Isn’t it really an utterly illogical way of acting to start from the one
extreme at our disposal: the white paper? Wouldn't it be more valid, at
least theoretically, to take the average between the two extremes [of black
and white] as starting point: that is, paper in a shade of gray? . . . In fact,
for a long time I formerly used gray borders, but [ dropped what I consider
a logical reasoning and capitulated to the present fashion of the white
border, to my shame, I must confess.

In his 1958 book, Regelmatige vlakverdeling, Escher developed at length
his thoughts on contrast. For him, “The beginning is gray,” and from
this must evolve recognizable forms in increasingly sharp contrast, until
in stark black and white, either can serve as figure or ground. All the
graphic plates of his book, at Escher’s request, were printed with gray
borders.

It was not a philosophical interest in contrast or in graphic represen-
tation which led crystallographers to take an interest in periodic patterns
with two contrasting colors. The first investigations of such patterns
may have been without specific applications in mind, but by the mid-
1950s, scientists saw the possibility of using such colored patterns to
encode additional information on physical attributes of the materials
represented by the patterns, such as direction of spin, value of magnetic
moment, or direction of parallelism. The Russian crystallographer A. V.
Shubnikov and his students were the first to give extensive attention to
periodic patterns with two colors and classify them according to symme-
try groups. These groups comprise the geometric motions which super-
impose such a pattern on itself so that the colors of all the motifs in the
pattern remain unchanged or the colors of all motifs are interchanged
(every black patch becomes white, and vice versa).

In order to distinguish between symmetries of a pattern which in-
terchange colors and the traditional symmetries which disregard any
coloring, Shubnikov and his colleagues introduced a term which was
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[Plane-filling motif with Reptiles). [1941].
Woodcut, 124 X 154 mm (cat. 324). A
perfect example of a counterchange
design: a 180° rotation about its center
yields the same design, but with black
and white interchanged. The half-turn
is an antisymmetry of the design.

translated into English as “antisymmetry.” Antisymmetry was an unfor-
tunate choice; it does not mean “against symmetry,”” as the prefix might
suggest. Rather, it denoted an interchange of two colors induced by a
symmetry, such as a reflection interchanging the negative of a photo
with its positive. Those who introduced the term literally thought of a
two-colored pattern as a double pattern (envision an infinitely large re-
versible damask), with one view of it showing on one side of a plane and
another view of it showing (with colors interchanged) on the other side.
An antisymmetry was a geometric motion that would superimpose the
pattern on itself while simultaneously interchanging the two sides of the
plane.

The literature of decorative art and fabric design had a much better
term that might have been borrowed: “counterchange.” Counterchange
patterns show a repeating motif which occurs in each of two contrasting
colors; one color of the motif can serve as figure, the other as ground. In
1936, H. ]J. Woods had published an article “Counterchange Symmetry
in Plane Patterns” in the Journal of the Textile Institute (Manchester); this
paper contains a systematic enumeration of the symmetries possible in
two-color periodic patterns and illustrates each type with a black-white
geometric design. Again, the work of an artisan had anticipated the
investigations and results of the theoretical scientists. Woods found 46
types, and except for differing notation, his illustrations could have
served as examples for exactly the same conclusions about possible
types later enumerated by crystallographers and mathematicians. The
book Symmetries of Culture by mathematician Donald Crowe and anthro-




THE

pologist Dorothy Washburn gives an extensive discussion of the 46 two-
color symmetry groups, with numerous illustrations of two-color pat-
terns chosen from various cultures, and includes Woods’ patterns.

In the 1960s, investigations on the topic of symmetry in multicol-
ored periodic patterns were undertaken by several scientists and mathe-
maticians; as with any new research endeavor, there were many differ-
ing assumptions, approaches, theories, definitions, and notations for
describing and classifying such patterns. The complexity of the mathe-
matical analysis of such designs is far greater than that for those with
just two colors. Several groups of symmetries of a multicolored periodic
pattern play a role in their classification: the group of symmetries of the
pattern, regarded as uncolored; the group of symmetries of the pattern
which redistribute (permute) colors in an unambiguous way (for exam-
ple, if a symmetry sends one white motif onto a red one, then it must
send every white motif onto a red one); the group of symmetries which
fix one selected color and permute other colors; the group of symmetries
which fix all colors (each motif moves to another motif having the same
color). The coloring of a periodic pattern that is most compatible with
the symmetries of the uncolored pattern is one in which every symmetry
of the uncolored pattern redistributes the colors in an unambiguous way
(in mathematical language, every symmetry induces a permutation of
the colors); such a coloring is currently termed a “perfect coloring.” The
surveys on color symmetry by R. L. E. Schwarzenberger [1984] and by
M. Senechal [1988] give an overview of the history and basic results of
mathematicians and crystallographers and contain extensive bibliogra-
phies.

In developing his “layman’s theory” of regular division of the plane
in which color and symmetry were inherently bound, Escher pursued
his own interests, oblivious of whether or not they might be of any
scientific value or importance. With regard to crystallographic consider-
ations, he was ahead of his time. Escher, of course, never considered
symmetry groups, nor looked at the question of coloring his patterns
primarily from the viewpoint of symmetry. When he chose what for him
was the logical underlying geometric grid for a periodic design based on
quadrilaterals and insisted on contrasting colors for adjacent motifs, he
essentially built in to his designs the element of two-color symmetry. In
every type of design represented in his overview chart (page 58), each
motif is related to an adjacent one of contrasting color by an antisym-
metry and to a touching one of the same color by a color-preserving
symmetry. All his periodic drawings of these types with a single motif
are perfectly colored. Even in his theory of splitting single motifs to
create two-motif periodic designs, he ensured the compatibility of color-
ing and the pattern’s symmetries. Many of the two-motif designs assign
each motif a single color, so every symmetry preserves color; when cre-
ating a two-motif design in which each motif appears in each of two
colors, he used the symmetries of the original one-motif design to create
the coloring of the derived design.

Escher never wrote down an explanation of how he decided on the
distribution of colors in periodic designs with three or four colors.
Again, a self-imposed constraint, that of using a minimum number of
colors to ensure contrast of adjacent motifs, seems to have worked well
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An early sketch for drawing 3 shows
four colors. Pencil, colored pencil,
186 X 195 mm.

in all but one case to lead inevitably to perfect colorings. The one case
was a periodic pattern which had 4-fold rotation symmetry and required
at least three colors to guarantee contrast of adjacent motifs, his transi-
tional system IXP-X" (pages 15-16 of his notebook). In this coloring, the
4-fold rotations which are symmetries of the uncolored pattern do not
redistribute the three colors unambiguously.

Escher’s first regular division drawing of this type was his number 3
(page 117), an early version of which he had created in 1936. His first
version shows four colors and is perfectly colored; evidently when Es-
cher later redrew the design in his folio/notebook he imposed his mini-
mum coloring with just three colors. His lizard design, number 14 (page
127) is colored in the same manner, but his number 20 of fish (page 131),
done just four months later, is perfectly colored using four colors. He
notes on that design that it requires a minimum of three colors; evi-
dently by then he had come to realize the need for four colors in order to
have the coloring compatible with the design’s symmetries. Quite possi-
bly he decided to associate a different color with each of the four distinct
aspects in which the motif appears in the design.

When Escher’s work finally came to the attention of crystallog-
raphers, he had already investigated many possibilities for periodic de-
signs with two, three, and even four colors and had produced a dazzling




array of examples which included some color arrangements they had
not yet discovered. The first crystallographer to give published recogni-
tion to Escher’s periodic drawings was P. Terpstra, who in 1955 used
Escher’s drawing 67 of a horse and rider (page 169) as a frontispiece in his
textbook Introduction to the Space Groups. But magazine articles, exhibi-
tions, and published reviews of Escher’s work had already caught the
attention of mathematicians and scientists, first in Holland and then
abroad. Carolina H. MacGillavry, professor of crystallography at the
University in Amsterdam, recalls that after learning of a major exhibit of
Escher’s work at the Boymans Museum in Rotterdam (in 1952), she de-
clared that “Escher is crystallography” and the whole laboratory staff
had “work” to do: they all took the day off and attended the exhibit. The
mathematician N. G. de Bruijn arranged for a major exhibit of Escher’s
work to be held at the Stedelijk Museum in Amsterdam during the 1954
International Congress of Mathematicians; hundreds of mathematicians
saw Escher’s periodic drawings and prints for the first time. Many be-
came ardent fans of his work and even collectors of his prints; a few
would later provide him ideas for use in his graphic work.

In 1959, Escher was visited by the crystallographers José (J. D. H.)
and Gabrielle Donnay; they were especially interested in his work on
antisymmetry and wanted him to give a lecture at the Congress of the
International Union of Crystallography the following summer. Escher
was both flattered and amused by this intense interest in his work and
wrote to his son George,

I had a nice visit from a professor from Baltimore and his wife, both
ardent crystallographers, who insist I give a speech on my RV [regular
division] in London next summer at an international gathering of crystal-
gazers (or sym- and antisymmetrists. Antisymmetry involves using con-
trasting shades in a design of repeated motifs in space or on a plane.
Russian scientists have been interested in this recently, and I myself have
not been able to do without it since I started on the regular division of the
plane, thirty years ago). When I told them my usual story about not know-
ing anything about mathematics, they answered: “You obviously know
more about it than any of us.” Just imagine!

.. . I'had noticed some time ago that old-fashioned crystallographers
were quite perplexed by my contrasting shades: old Terpstra, for example,
thinks you shouldn’t talk in terms of “glide-reflection” if the color
changes. And now the Russians say I'm right. As a complete layman in
science, I've obviously never been troubled by over-rigid ideas, but I can
easily imagine that those old scientific gentlemen find it difficult to let go
of colorlessness (contours).

A couple of months later, Escher reported to George that ““the nicest
thing to have happened to me recently was a visit yesterday afternoon
. . . from a lady, Professor MacGillavry, who . . . came with her sister-
in-law, who was also somehow interested in divisions of the plane, and
the two of them had their eyes glued to my prints from half past two till
after half past five. What a pair of smart ladies! It's such a relief to have
visitors at last who don’t stare at my creatures uncomprehendingly, but
who can chuckle with amusement at anything worth chuckling at.” In
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addition to encouraging Escher to give a lecture at the August 1960 Con-
gress of the IUC in Cambridge, England, Carolina MacGillavry was
largely responsible for arranging a major exhibit of his periodic drawings
and graphic works for that meeting. Escher’s slide lecture (given the
uncharacteristically staid title ““Antisymmetrical arrangements in the
plane, and regular three-dimensional bodies as sources of inspiration to
an artist’") was successful by any measure—overflow crowds in the large
lecture hall and even in a second room to which it was relayed by closed-
circuit television, and a thunderous ovation at the end.

Escher played to the audience, and no doubt had thought carefully
about expressing his mock astonishment at the scientists’ newfound in-
terest in antisymmetry:

Bringing into practice the rules of symmetry, I confess that I find it
hard to understand how that antisymmetry presents to you, as theorists, a
point of discussion. Colour contrasts between two adjacent pattern-
components is to me not only self-evident, but a necessity: it is the only
means of making my figures visible. A pencil-line is not a real boundary,
for it has itself a certain thickness and is therefore itself a figure with a
surface and thus constitutes a gap. When, in spite of this, I sometimes use
a contour-line in my graphic prints, this is only done because of considera-
tions of printing technique.

But also as pure idea, colour difference between my figures is essen-
tial.

He ended his lecture on a hopeful note:

I'have come to the end of my lecture. The attention you have so kindly
given to my fantasies proves, I hope, that science and art sometimes can
touch one another, like two pieces of the jigsaw puzzle which is our
human life, and that contact may be made across the borderline between
our two respective domains.
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Scarabs and butterflies emerge from a
grid of pentagons. Pencil, ink, 212 x
162 mm.

From theory to the periodic drawings

“How did he do it?"” How did Escher discover or create those creeping,
wriggling, soaring creatures that interlock in his work? Almost always
he began with a geometric skeleton. His storehouses of geometric de-
signs contained examples of majolica mosaics and stucco patterns he
had sketched on site at the Alhambra, at La Mesquita, and at the cathe-
dral in Ravello, the illustrations taken from the mathematical papers he
had studied, a Japanese pattern book, a few miscellaneous other copied
patterns, and, of course, the rich collection of tilings by polygons that he
had produced as illustrations in his “Theorie”” notebook. He drew the
richest inspiration from a small handful of these; in his sketchbooks, he
interprets them again and again.

The motif like a chevron with a tail that Escher copied in the Alham-
bra (page 17) was a direct source of ideas for drawings having the same
symmetry (drawings 3 and 13, pages 117 and 126). It was also used as a
schematic motif to represent fish and birds in concept sketches for
graphic works. He included this design as an example of abstract regular
division of the plane in his lecture illustration (page 32) and in Plate II for
Regelmatige vlakverdeling noting there that this design “reminds me of
‘something I know,” a hammer, a bird, a plane.”

A design of plane-filling pentagons found in Haag's papers (page
28) fascinated Escher, perhaps because it can be derived in several differ-
ent ways. One can begin with a simple grid of squares and place
through the center of each square a skewed cross of two perpendicular
lines that join opposite sides of the square, or one can superimpose two
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copies of a plane-filling pattern of congruent hexagons. This design of
pentagons has 4-fold rotation symmetry and appears in sketchbook
drawings as a skeleton for some early periodic drawings. [t is prominent
in later drawings in several variations (drawings 42, 131, 132, 133, 134,
on pages 148 and 224-227). One of Escher’s sketchbook pages shows
two periodic designs, one of butterflies (his number 12), and one of
scarabs (evidently never made as a numbered drawing), both emerging
from this pentagon grid.

Escher used an altered square with a cross of perpendicular lines
through its center to create designs with 4-fold rotation symmetry. The
rudimentary beginnings of drawing 20 of fish suggested by this geomet-
ric tiling appear on a page in one of his early copybooks alongside exper-
iments for his first printed designs based on number schemes (see page
45). He also used the geometric tiling in concept sketches for a print with
those fish (page 271).

Escher had seen Moorish patterns with stars and other simple poly-
gons and developed his own versions. Drawing 1 in his abstract-motif
notebook is a colorful mosaic of stars, diamonds, and triangles. A varia-
tion of this design was the starting point for drawing 43 (page 149);
Escher’s preliminary sketch shows flowers and leaves emerging from
the geometric shapes. Another design of stars and diamonds by Escher
is closely related to the tiling by pentagons and was the basis for draw-
ing 42 of shells and starfish (see notes on drawing 42).

A simple geometric design of kites alternately facing in opposite
directions served as skeleton for many periodic drawings with glide-
reflection symmetry. One can see on the left page of the copybook
sketches shown on the next page, the rough geometric grid of kites,
each kite split in two by a diagonal; this is a polygon tiling fitting
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Stars and diamonds become flowers
and leaves for folio drawing 43, 1942.
Pencil, colored pencil, 274 x 216 mm.
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Development of the fish motifs for folio
drawing 41, 1942. Pencil, ink, 210 x
165 mm (each page).

Escher’s two-motif system VI¥, variant 2 (see page 74). After roughly
molding the figures of two interlocked fish to fit the geometric con-
straints of the system, he drew a careful final version on the facing page,
which he then traced and repeated in regular division drawing 41 (page
147). The rhombus which is superimposed on the final motifs is the one
of system VI®, used to lay out the grid in the colored drawing; it is
obtained from the underlying grid of rectangles, shown on the sketch on
the left page, by connecting the midpoints of the sides of rectangles
which contain part of the fish. Escher also used a regular division with
kites in schematic layouts for graphic works; one example is his concept
sketch for the woodcut Horsemai, shown on page 242.

Escher’s plane-filling by triangles, recorded in his abstract motif
notebook (page 83), appears as a skeleton in his drawing 33 of lizards
(page 141). This same triangle pattern is featured in his purely decora-
tive design for bank-note background (page 232).

A generous collection of geometric sources from which to draw and
a knowledge of the geometric rules which govern all periodic tilings of
the plane provides a starting point and a set of basic directions, but the
territory in which recognizable motifs are created is uncharted, and each
venture is a new experience. Today computers can be programmed to
apply geometric motions instantaneously to any squiggle or shape that
is drawn on the screen—instant regular divisions of the plane. But the
art of finding just the right squiggle, of seeing the possibilities for an
imaginative creature in a rudimentary form is not programmable; it is a
gift of special observation, ingenious imagination, and playful wit.

This most difficult to explain aspect of the creation of regular divi-
sion motifs 1s best commented on by Escher, who in his explanation in
Regelmatige vlakverdeling, invokes some advice by the master Leonardo:
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Imagination and inventiveness, not to mention tenacity, are indispen-
sable for this work. These qualities come to us from somewhere “outside
ourselves,” but we can make ourselves open to them and encourage them
and stimulate them in various ways. Among others, I found one sugges-
tion in the writings of Leonardo da Vinci; here is the passage, translated as
best I can:

“When you have to represent an image, observe some walls daubed
with smudges, or built from stones of varying kinds. In them you will
discover resemblances to a variety of mountainous landscapes, rivers,
rocks, trees, vast plains and hills. You can also see battles and human
figures, strange facial expressions, garments, and countless other things
whose forms you can straighten and improve. These crumbling walls are
like the peals of church bells in which you can hear any name or word you
choose.”

Leonardo’s advice is useful for stimulating inventiveness and imagi-
nation in general. But experience has taught me that it is particularly valu-
able when designing regular plane fillings, since this is largely concerned
with putting chaotic shapes in order and making abstract forms concrete.

Despite all this conscious personal effort, the artist still has the feeling
that moving his pencil over the paper is a kind of magic art. It is not he
who determines his shapes; rather, it seems as if the simple flat blot at
which he painstakingly toils has a will (or unwillingness) of its own; that it
is this blot which guides or hinders the movements of the drawing hand,
as though the artist were a spiritualist medium. In fact, he feels quite
amazed, dazed even, at what he sees appearing under his hand, and expe-
riences a humble feeling of gratitude or resignation, depending on
whether they behave willingly or reluctantly.

In 1938, as Escher embarked on making his regular divisions of the
plane, he heeded Leonardo’s advice quite literally; the wall of the wash-
room in the Eschers’ rented house in Ukkel provided inspiration for a
constant “‘work in progress.” George Escher has amusing recollections
of how his father could breathe life into formless blobs:

Father had an unusual inclination to recognize animal shapes in
seemingly random patterns like clouds or wood grain, which served him
well when developing his regular patterns of interlocking animals. . . .
The wall in the small downstairs washroom was decorated with irregular
swirls of green, yellow, red and brown, created by splashing paint of dif-
ferent colours on the wall and blending them by random movements of a
brush. Father . . . would take a pencil and emphasize with a line here, a
shade there, some portion of the wall pattern. . . . For us children that
washroom became a special attraction because, as the months went by, the
originally drab, uninteresting wall came alive with faces. Every few days a
new one would appear, laughing, sad, grotesque or solemn and I remem-
ber how I would scan that wall on my visits to the toilet, hoping to dis-
cover some new personality. [1986, p. 7]

Sometimes the abstract polygon tilings Escher made in his note-
book, intending only to show the relationship of motifs to each other,
yielded vaguely recognizable forms. Escher’s imagination and long prac-
tice in coaxing life into such shapes often produced striking results. The
beautifully complex black-and-white design of birds and fish, drawing
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126 (page 219), is not labeled by Escher as a representative of one of his
systems. Rather, he simply notes that it has elements of systems IV and
V. But look at his geometric drawing on page 23 of his notebook that
illustrates system IV®, variant 1 (page 72). This drawing is not particu-
larly suggestive of life forms, but after seeing the polished drawing 126,
one can, with the clarity of hindsight, “see” what Escher must have
seen. There are the rough forms of bird and fish, just waiting to be
conjured into recognizability.

In 1947, in an article “Nederlandse grafici vertellen van hun werk”
(“Graphic Artists of The Netherlands Speak of Their Work”) in the mag-
azine Phoenix, Escher described the process of creating a regular division
drawing.

One can divide a plane into geometric shapes according to certain
systems; these forms can become infinitely varied and very complex and
still meet the requirement of filling the plane with congruent forms in
rhythmic repetition without leaving any ‘void.” If one then tries to mold
the form so as to evoke an association with something familiar to the
viewer—an object, an animal, or whatever it might be—it becomes a com-
pelling game in view of the infinite possibilities offered as well as the
rigorous restrictions imposed by the rules. It is a painstaking process of
groping and fumbling about. Sometimes not a single one of the patterns
that appear at the end were consciously sought at the start. It dawns on
you slowly. Then comes the moment you recognize it, when you suddenly
realize—and here we shift from a general impression to a specific one—: it
is a man on a horse! After this, he develops rapidly under the impact of
certainty. At the end he stands out clear as crystal, obeying unshakable
laws, clenched on all sides by his own mirror image. Note how each con-
tour has a double function: a single line borders the mane as well as the
belly of the horse; also the face of the rider as well as the neck of the animal
are defined by one and the same line. See him riding through a landscape
that is himself. He is alone by himself and yet he completely fills the entire
two-dimensional world in which he lives.

Here, Escher cannot find words to describe any specific process of
creating a motif, and without warning, he suddenly begins describing
the creation of the motif in drawing 67 (page 169). Two pages from his
copybooks testify that the development of the horseman was exactly as
he describes it.

In the preface to the 1965 book by Carolina MacGillavry that repro-
duced 42 of his periodic drawings, Escher again spoke of his fascination
and wonder in creating the creatures that populate them.

They take little account of my critical opinion during their birth and I
cannot exert much influence on the measure of their development. They
are usually very difficult and obstinate creatures.

The border line between two adjacent shapes having a double func-
tion, the act of tracing such a line is a complicated business. On either side
of it, simultaneously, a recognizability takes shape. But the human eye
and mind cannot be busy with two things at the same moment and so
there must be a quick and continuous jumping from one side to the other.
But this difficulty is perhaps the very moving-spring of my perseverance.
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Escher’s definition of regular division of
the plane (adapted from a 1923 article
by F. Haag) on the first page of his
folio notebook I. “Regular divisions of
the plane consist of congruent (convex)
polygons joined together; the
arrangement by which the polygons
adjoin each other is the same
throughout.”

The folio notebooks of periodic drawings

During the years 1938 to 1941, while Escher was systematically exploring
the possibilities for periodic designs and shaping his own “layman’s
theory,” he produced colored designs of recognizable figures at a furi-
ous pace—over 40 in those four years. His small sketchbooks show him
always working on ideas for several different motifs simultaneously.
Often he abandoned the beginnings of a motif when part of a figure
emerged and the rest refused to come into being. Some figures sug-
gested by a geometric shape appeared almost instantaneously; others
Escher labored over, refined in dozens of drawings, until finally, satis-
fied, he circled the final version or wrote “definitive” next to it.

Escher wrote the words “Regelmatige vlakverdeeling” (“Regular
Division of the Plane”) in the corner of the cover of a large notebook of
squared paper, and into this he transferred and carefully colored the
“definitive’” version of each design that satisfied his criteria, numbering
them as he did so. Over the years, he filled five of these folio notebooks
with periodic drawings—137 numbered drawings in all—reproduced in
this chapter. Escher numbered the drawings in the order he transferred
them into these notebooks; in a few cases, his recorded dates of when
the designs were created are not in strict chronological order. Escher
never titled his drawings, and only referred to them by their numbers in
his notes. He never bothered to copy into the folio notebooks several
periodic designs he made especially for commissioned work or a print.
Sketches of these are in his small copybooks and on loose sheets; some
are reproduced here after the numbered drawings.

The individual pages of drawings were originally in notebooks with
sewn binding; it is easy to see which edge of the page was at the center.
The page facing each drawing was usually blank, and in a few cases
Escher made notes on that page which referred to the drawing on the
facing page. The first 50 drawings, contained in the first two folio note-
books, were on a left page, so Escher’s comments are on the verso of the
next numbered drawing. We show these comments as an inset with the
reproduction of the numbered drawing to which they refer. Escher’s
definition of regular division of the plane, adapted from that of Haag’s
article, is on the verso of drawing number 1; thus it was the first entry
that was seen when opening folio notebook I.

Escher’s drawing 25 of lizards is the first in his folio notebook II; it
can be seen in the lithograph Reptiles. The verso of this drawing, which
was the first page in that notebook, was an inventory of the numbered
drawings according to Escher’s classification. No doubt this was a run-
ning record kept by Escher to follow the progress of his illustration of
the various systems. This inventory is reproduced in the Concordance,
on page 327.

Each of the drawings in the folio notebooks was begun in the same
way: Escher first laid out the geometric grid of parallelograms, triangles,
or other polygons which governed the way in which a motif was to be
repeated in its interlocking design. For almost all his early designs, he
labeled 2-fold centers with small circles, 4-fold centers with small
squares, and 3-fold centers with small triangles. These penciled underly-
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ing geometric grids and marked rotation centers can be seen in many of
the finished periodic drawings. As Escher became more confident, the
geometric underpinnings of the designs, which can still be seen in his
sketchbooks, no longer appear in the carefully finished version in the
folio notebooks.

Once Escher had arrived at a “definitive’” motif, he would make a
careful tracing from his sketchbook drawing, use this to transfer the
design to fill one polygon of the grid on the notebook page, and then
repeat it to fill the other polygons, always interlocking the motifs accord-
ing to the appropriate geometric rules. For those designs based on a
triangular grid, he used a portion of isometric drafting paper to assure
geometric accuracy in rendering the definitive motif. He punched small
holes like printer’s registration marks at the three crucial rotation centers
on the boundary of the motif; these three holes formed vertices of an
equilateral triangle which could be repeated to fill the plane. His single
butterfly motif of drawing 70 (page 172) is shown here drawn on isomet-
ric paper (next page); it is enclosed by a hexagon with punched holes at
its vertices to ensure the accurate transfer and repetition of the butterfly
as it filled out the beautiful design. Isometric paper was expensive, and
Escher utilized every open space on a sheet; note on this sheet with the
butterfly motif, the rough sketches and scraps of other designs, one of
which is a design for bank-note background (page 232).

Finally, he added detail and color to the penciled design. Although
his selection of colors for each design may have been somewhat arbi-
trary, his insistence on the proper contrast of colors guided his choice of
hues and shades. He most often used watercolor, but also colored pen-
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Reptiles. March 1943. Lithograph, 334 x
385 mm (cat. 327).
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The butterfly motif for drawing 70 on
isometric paper, with registration holes
punched for accurate transfer. Pencil,
ink, 360 x 235 mm.

cil, either alone or in combination with watercolor. He used india ink
often for emphasis, outline, or detail; occasionally he used colored ink or
gilt ink. Some artists and critics considered him a failure as a colorist, but
the mathematicians and crystallographers marveled at the symmetric
arrangement of colors in his designs.

Under each numbered colored drawing, Escher recorded the sym-
metry type of the design according to his classification scheme set out in
the 1941-1942 notebook, together with the place and date of creation.
Before he finalized his own system of classification, he gave short narra-
tive descriptions of some of the important features of each design, such
as the number of different motifs, the underlying geometric grid,
whether the motifs appeared in both direct and mirror images, the way
in which a motif was repeated, and the number of different directions
(with respect to rotation) in which it faced. Beginning with drawing 34,
he used the succinct labeling system of his “Theorie”” notebook to char-
acterize the symmetry of each drawing; he then went back and pasted
over the earlier notations on each of the previous drawings with a patch
of graph paper containing only the label of the appropriate notebook

category.
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Escher often cross-referenced drawings of the same system by writ-
ing on each “see,” followed by the numbers of the others. He always
noted when a motif in a drawing had bilateral symmetry and added an
asterisk to the classification symbol when that local symmetry intro-
duced global reflection symmetry into the drawing. He also noted a few
instances where the motifs had bilateral symmetry and yet the pattern as
a whole contained no reflection symmetry; he remarked in these cases
that the motifs “apparently”” have bilateral symmetry.

Escher considered the drawings a resource and referred to the folio
notebooks as “’storehouses” from which he could select a design to be
used in a small vignette for an exhibition invitation or greeting card, to
be incorporated as a key element in a large graphic work, or to be turned
into a decorative design for a wall, ceiling, or column. For twenty years,
as he filled his “’storehouses,” most of these drawings were known only
to Escher.

A small selection of the drawings was shown along with related
graphic prints in exhibitions and a few drawings were published in arti-
cles by art critics. In 1960, Escher’s book Grafiek en tekeningen was pub-
lished; it contained black-and-white photos of 13 of the regular division
drawings. This was the first time that these drawings received wide
publicity in Europe, England, and America. Most of the drawings bear
the publisher’s instructions to the photographer with regard to size and
trim.

In 1960, after the great success of the exhibition of Escher’s prints
and periodic drawings at the Congress of the International Union of
Crystallography in Cambridge, England, the Union commissioned Car-
olina H. MacGillavry to write a book to teach geology and crystallogra-
phy students about symmetry and colored symmetry, using 42 of
Escher’s periodic drawings as instructive illustrations. Escher was
delighted at the idea, and wrote to MacGillavry that he would consider
such a book “’a crowning of this work [on regular division of the plane],
which I consider fundamentally more important than my graphic work,
which is more addressed to a nonspecialized public.”

Professor MacGillavry examined all Escher’s numbered drawings,
and selected an assortment that would best illustrate the crystallo-
graphic theory of colored periodic designs. She found many for which
the coloring did not fit any of the categories on the crystallographers’ list
of color groups that was then current, but she also found that a few of
the simplest examples of color groups were not represented and re-
quested Escher to create new drawings to illustrate these types. At this
time, Escher also improved several of the drawings chosen by MacGil-
lavry; he added color and detail and, in some cases, completely redrew
the design. Such drawings have two dates; the second states “improved
April 1963.” The book, entitled Symmetry Aspects of M. C. Escher’s Periodic
Drawings was published in 1965 under the auspices of the International
Union of Crystallography. A set of color slides of Escher’s work which
included 11 of the periodic drawings was produced the next year by the
Dutch company N. V. Filmfabriek Polygoon; Escher wrote the text for
the pamphlet that accompanied the slides. Later books on Echer’s work
provide complete photo documentation of all his graphic work, but con-
tain only a few of his periodic drawings.
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e AE56.3.000

(1) transitional system [I*-1[[*. See nos. 5, 6, 7, 8, 11 Rome 1926 or 27

Orentangi e liom I Dl i 1o

(2) transitional system VIIC-VIIC. See no. 16 Rome 1926 or 27
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Each drawing is reproduced here with Escher’s annotations in Eng-
lish translation under the reproduction. Detailed notes on each drawing
are contained in Chapter 5; these include its size, media used, selected
publications in which it has been reproduced, how it was executed in
finished work, notes on its symmetry or coloring, and remarks by
Escher on the drawing taken from his articles and lectures. An index to
the drawings and related work is on pages 346-347 and an index that
lists the drawings by motifs is on page 345.

source: Arabic motif in the Alhambra
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(3) transitional system IXP-XB*: symmetrical, Chateau-d’Oex  X-'36
alternately along one and then the other diagonal axis. See nos. 14, 20.
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(4) triangle system I A; type 1*

Chateau-d’Oex  X-'36
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(5) transitional system II*-IIF*.  See nos. 1, 6, 7, 8, 11 Ukkel Winter '37-'38
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 Woten 2F -8
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(6) transitional system LA-III* (closer to III4). See nos. 1, 5, 7, 8, 11 Ukkel Winter '37-'38
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(7) transitional system [IA-III* (close to II*). See nos. 1, 5, 6, 8, 11 Chateau-d’Oex  X-'36



(8) transitional system HA-I* (Close to HIA).

W”‘M@ deak b5 @) Al K2 1,556,517

See nos. 1, 5, 6, 7, 11

Ukkel

Ubhkel ,Winten p- 8

Winter '37-'38



(9) system III*
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(10) VII®-VI® transitional system. Closer to VII® Ukkel Winter '37-'38
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rphy (TR B 2 A2 6058,

(11) transitional system II*-1lI*. See nos. 1, 5, 6, 7, 8. (12) system IXP*, symmetric about both transversal axes.
Ukkel Winter '37-'38 Ukkel Winter '37-38

Oo’d/-/,qr,v; ; Matsen Mmoliep b bt b g
L o

source: Arabic motif in the Alhambra
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(13) system IX”*, symmetrical alternately along one and then the other diagonal axis. Ukkel Winter 37-'38
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o 1o (TR

(14) transitional system IXP-XE. See nos. 3, 20
(closer to IXP)
Ukkel Nov. 1937

I E2P Lu A1 o

(15) system IXP. See no. 23
. Ukkel XI-'37
improved IV-'63
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Orpangs syl 2ie V22

(16) VHII“-VI® transitional system. See no. 2 Ukkel beginning ‘38
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OVr- g5 syl (TE @ (it | 25

(17) transitional system VC-IVE (close to VC) Ukkel beginning ‘38
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See nos. 22, 29, 30

(18) 2 motifs: transitional system [4-I*.

11-'38

Ukkel

11-'38

Ukkel

(19) system IVE
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(20) transitional system IXP-XE. See nos. 14, 3 Ukkel 138
(can also be executed in a minimum of 3 colors)
[next to fish motif at lower right] improved motif
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Ukkel V-38

(21) triangle system I A; type |
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(22) 2 motifs: transitional system I*-I*, See nos. 18, 29, 30
Ukke! VI-'38

(23) system IXP. See no. 15 Ukkel VI-'38



yariant 2. See no. 26

system e

(24) 2 motif
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(26) 2 motifs system V© variant 2. See no. 24 Ukkel XI-'38
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(27) 2 motifs transitional system 1°-1* Ukkel 11I-'39 (28)

can be better classified as:
transitional system I-I Ukkel XI-'38

source of 28
(triangle system I A; type 1)
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Ukkel XII-"39

(29) 2 motif transitional system [A-1A. See nos. 18, 22, 30
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(30) 2 motifs transitional system [*-1%.  See nos. 18, 22, 29, 72

Ukkel TII-'40
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(32) system VC. See no. 31 Ukkel 1V-"40
{penciled instructions to photographer for Grafiek en tekeningen]
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Ukkel

(33) system VII©

VII-'41

Baarn

(35) system X*

IV-'63

improved

Do reproduce this drawing!

[Drawings 34A, 34B, and 34 are on pages 142 and 143.]
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(34A) 2 motifs transitional system 1V®-VC (variant 3) Baarn 111-'41
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(34B) transitional system IVE-VB
improved drawing no. 34

[penciled instructions to photographer
for Grafick en tekeningen]
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(34) improved and enlarged
Do not reproduce!

Baarn

HI-"41
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(36) system VI®

Baarn VII-"41
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(37) system III°* Baarn VII-'41
symmetrical about vertical axis

(38) system I* Baarn VII-41
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Baarn VII-"41
improved 1V-'63

(39) system VIII*, variant of 86
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(40) system 11°* Baarn VII-'41
symmetrical about vertical axis

(41) 2 motifs system VIP variant 2 Baarn VII-'41
[A mat obscures the number at the top.] improved IV-'63
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(42) transitional system VI

4 motifs VII—VIII

(minimum 2 colors)

Baarn VIII-'41
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N

(45) 2-motifs-system X™, symmetrical about one diagonal axis Baarn Christmas ‘41
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(44) (triangle system) I B, type 1

Baarn XII-'41

THE REGULAR DIVISION DRAWINGS

(46) 2 motifs (apparently symmetrical)
System VII-VIIIS, variant 2

Baarn
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(47) two motifs; system 1%, variant 2
(48) two motifs; system 1*, variant 2

Baarn VII-'42
Baarn VII-'42



ystem 1%, v

(50) two motifs; system I*, var

(49) two motifs; sy
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(51) system 111 (exceptional case, see theory [notebook] p. 4) Baarn VII-'42
one motif
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(52) two motifs. System I*, variant 2
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Baarn VII-'42
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(53) triangle-system. 2 motifs, symmetrical, II A> type 1% Baarn IX-42



(54) triangle-system. 2 motifs, symmetrical, I A, type 1* Baarn X-'42;
improved 1V-'63



(55) triangle-system I B; type 1
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(56) triangle-system I B, type 1 Baarn XI-'42
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(58) 2 motifs system VI® variant 1 Baarn XI-'42
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Baarn XI-'42

(59) 2 motifs. System VIIP-VIII® variant 2 Baarn

[penciled instructions to photographer for Grafick en tekeningen)
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Baarn XI[-'42

ystem VIIP-VII® variant 2

(60) 2 motifs s






(62) system IVE Baarn 1-44

(63) 2 motifs system IVP-V© variant 2 Baarn 11-'44
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A

Bosgo M- 44

(64) (picture from arbitrary triangles, 3rd group) Baarn VIII-'44
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(65)

Baarn IX-'44



(66) system 1V? Baarn X-45
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Donrn BL-"98

(68) system VHHS or VII® variant 2 ? Baarn 11148



THE REGULAR DIVISION DRAWINGS 171

(69) triangle system: 3 motifs, each with one color Baarn 1148
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(70) triangle-system I B; type 2 (See also no. 79)
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Baarn 1148



(71) 12 motifs of various forms; all are repeated in mirror image Baarn [V-'48
(glide-reflection), more or less according to system WSS
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sitional system 1%-1%; See n

XII-'48

Baarn

0s. 18, 22, 29, 30

(72) 2 motifs; tran:



(73) system I* (See 38, 74) Baarn VII-'49

(74) system I* (See 38, 73)
[penciled instructions to photographer for Grafick en tekeningen) Baarn VII-"4¢
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(75) system Il Baarn VII-'49
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A 3

(76) 2 motifs, system IV, variant 2

(the points where 6 motifs come together lie in this case
at the vertices of a rhombus; this is not necessary)
(Instead of [the grid] A, [the grid] B can also arise)

Baarn

IX-"49

(76a) 2 motifs, system 1%, variant 2
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(77) system VI® (see no. 36) Les Diablerets VIII-'49

(78) new system? Baarn X-'50
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(80) system 1*; combination of 73 and 74 Baarn XI-'50
[under three motifs shown] congruent forms

(82) transitional system [A-14 Baarn 1151
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Baarn III-'51

(83)

gular system, with 36 different motifs.

Free planc-fillin >, based on rectan,

(design for mezzotint)



(84) 2 motifs. Transitional system 1°-1* Variant of no. 29 Baarn
characterized solely by contour lines
[penciled instructions to photographer for Grafiek en tekeningen]
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(87) 2 motifs, transitional system IP-I* Baarn VII-'52



(88) system I1I* (see 11)
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[Verso of drawing 87; this triangle

tiling is the geometric skeleton for
drawing 88.]
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Baann /X 's3

.Sl/i:(mn(m‘ )

Baarn IX-'53

[A mat obscures the number at the top.]

(90) system I1I°
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(92) 2 motifs, transitional system I®-J* Baarn [I-'54
variant of 87

made for commissioned intarsia work,

telephone building Amsterdam, same

as 93 and 84.

(93) contour figures one motif: III® Baarn II-'54
made for commissioned intarsia work,

telephone building Amsterdam, same

as 92 and 84.
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(95) exceptional case of IlI: triangles, o
see page 4 theory [notebook], bottom left. Baarn VIII-'55



194 CHAPTER 3

»
x
o 2 4 <,
é’ edeihe e %
Gt b i - N
afus
|
(96) system VP Baarn XII-'55

[penciled instructions to photographer for Grafick en tekeningen]



(97) system VC©
Baarn XII-'55
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(98) system VI

Baarn XII-'55
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Baarn VIII-'54

(99) Triangle-system I B, type 1;

see no. 44
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Baarn VIII-'56

(100) Triangle-system I B, type 1

(for P.T.T.) [Postal, Telephone, and

Telegraph service]
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IX-'56

Baarn

of system X" (See no. 35)

“Division”’

(101)
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(102) system IV®
[penciled instructions to photographer for Grafiek en tekeningen]
[at bottom of page| “Path of Life 11"

Baarn [II-'38
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Baarn 1V-'59

stem

(103) triangle-sy
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tions to photograph:

[penciled instruc



(104) system IXP variant of 15 Baarn
[penciled instructions to photographer for Grafick en tekeningen
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(105) system IV

Baarn VI-'59
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Baarn VI-'39

(106) system I°









(109) system V¥
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(109") design for 126 Baarn 1161

(110) two motifs system VP, variant 2 Baarn VI-'61
[A mat obscures the number at the top.]
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Baarn 162

(111) system I¢-1¢

Baarn 1-'62

(112) system I°-I°
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(113) system 1°-I¢ Baarn 1-62

(114) system ST Baarn [-62
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sided, improvement of 40
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(117) system II'*, symm
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(118) system XE, color variant of 35 Baarn [V






29 and 84

variant of nos.

(120) system 1<-I¢

Baarn V-

(121) system I-I¢
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Baarn

(123)
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Baarn

see 33

(124) system VIIP,
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(126) system with elements from IV and V.

developed from 109"

[note at top, with arrows to fish’s eyes] these eyes are a mistake!

[next to stamp with Escher’s name and address] after using, please return to —

Baarn

A Omiy

=5 ha §ebnte Frarme /"'”J

1167



(127) system IV
apparently 2-sided symmetric motit



(128) system 17
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(130) system with elements from IV and V Baarn VII-'67
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(133) Baarn XII-'67
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(134) Baarn
[above stamp with Escher’s name and address] after using, please return to:
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pillar B B
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(136)
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(137) Made following the system of Prof. R. Penrose’s “jigsaw puzzle”



(A1) detail of hand-printed pattern on satin

undated [circa 1926]
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(A2) detail of regular division with birds Ukkel [1940] (A3) regular division Ukkel [1940]

with layered parallelograms

(A5) details of 7 circular band designs Baarn X-'30
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(A6) regular division with lattice Baarn X-'50 (A7) regular division with triangles Baarn [circa 1951]

containing decorative motif

(A8) regular division with entwined circles  Baarn X-'50 (A9) regular patterns with curved lines Baarn 1953
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(A10) regular pattern with curved lines Baarn 1-'33 (A11) regular pattern with curved lines Baarn 1I-'53

(A12) regular division with the letter E Baarn [1953]
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(A13) regular division with fish Baarn 1138
“Design picture [for mural] for family waiting room, third public cemetery,

Utrecht. Actual size approximately 1 X 2.50 meters. Mirror image of the
picture in the public waiting room. 11’58 MCE"

(A14) regular division with fish

Baarn [1958]
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The periodic drawings as sources

Escher never regarded his periodic drawings as finished works of art.
He looked on them as polished solutions to the exercises he posed in his
early “Theorie”” workbooks, responses to his reminders sprinkled in red
throughout those pages: “voorbeeld maken!” More importantly, he
used them as sources for ideas for prints and other works. Whenever
they appeared in exhibits or published articles, they were referred to as
preliminary, or working, drawings and, with few exceptions, were al-
ways linked to a finished graphic work.

Escher’s graphic works after 1936 are easily distinguished from ear-
lier ones; his son George notes in his essay “M. C. Escher at Work” how
the difference is reflected in his own childhood memories.

During the early days, in Rome and Switzerland, father’s prints were
seldom subjects of discussion. His work was then, for me, almost entirely
a matter of sounds, smells and rituals. . . .

Seldom was there anything striking enough in the subject of a print to
capture my small boy’s imagination and make me remember fifty years
later. Then, when I was ten years old, a change occurred. Suddenly funny
little men fitting closely together became of interest to me. There were
explanations by father of repetitions by sliding, by reflection, by pivoting
about axes. His work became more of a struggle, but there was a different
enthusiasm than before, a need to communicate, to use us as sounding
boards when talking about barely-understood problems. As time went by I
became used to the strangest ideas. Although the actual making of a print
never lost its charm, it was the intellectual content of a new work that from
then on made the strongest impression.

In his introduction to Grafick en tckeningen, Escher describes the
sharp contrast between the driving force for his graphic work before and
after 1936:

I discovered that technical mastery was no longer my sole aim, for 1
was seized by another desire, the existence of which I had never sus-
pected. Ideas took hold of me quite unrelated to graphic art, notions which
so fascinated me that I felt driven to communicate them to others. This
could not be achieved through words, for these thoughts were not literary
ones, but mental images of a kind that can only be made comprehensible
to others by translating them into visual images. Suddenly the method by
which the images was to be rendered became less important than be-
fore. . . .

When I compare the birth of a graphic sheet from my technique pe-
riod with that of a print expressing a particular train of thought, then I
realize that they are almost poles apart. In earlier years, I would often
select from a pile of sketches one which seemed to me suitable for repro-
duction by a technique that at the moment held my special interest. But
now it is from amongst those techniques which I have mastered (to some
degree), that I choose the one which lends itself more than any other, to
the expression of the particular idea I have in mind. . . .
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The growth of a graphic image is now marked by two sharply defined
phases. The process begins with the search for a visual form that will
interpret as clearly as possible my train of thought. Usually a long time
elapses before I decide that I have got it clear in my mind. But a mental
image is something quite different from a visual image and no matter how
hard we try, we never succeed in achieving completely that perfection
which haunts the spirit: a perfection we can “see” with the inner eye.
After a long series of attempts, at last—when I am just about at the end of
my rope—I manage to cast my lovely dream into the imperfect visual mold
of a detailed concept sketch. After this, to my welcome relief, there dawns
the second phase: the making of the graphic print, during which the spirit
can take its rest while the hands take over the task.

Escher’s family was all too aware of these distinct stages in his
work, as George vividly recalls:

The creation of a new print followed a recurrent pattern, the stages of
which varied in length depending on father’s enthusiasm or on the diffi-
culties he was encountering. A new concept could take months, some-
times years of incubation before it led to a print. It could show up for the
first time at breakfast, when father would start talking excitedly about a
marvelous idea which had appeared crystal-clear when he had woken up
in the middle of that night. After the initial enthusiasm we might not learn
any more for several weeks, even months. . . .

Then the day would come when the new project was tackled seri-
ously. Weeks followed in which his moods changed between irritated ab-
straction and relaxed discussion of some small problem, between restless
pacing behind his closed door and sudden announcement that he had
found some satisfying solution. During this period of gestation father
demanded complete quiet and privacy. The studio door was closed to all
visitors, including his family, and locked at night. . . .

Almost every day, to relieve tensions at the end of the afternoon he
took a brisk walk through the beautiful old woods nearby, returning re-
laxed and ready for a cup of tea. . . .

One day the expectant atmosphere in the home would ease. The stu-
dio door opened, and we were invited to look at the new design, still on
paper. It was discussed, explained, and sometimes taken into the living
room to look at during the evening. In the weeks that followed one could
sense the pleasure, the relaxation that went with the execution of the
print, where use of hand and eye replaced mental concentration. From the
studio emanated light-hearted whistling and the ritual sounds of wood-
cutting and printing. Our activities in the house took place against a back-
ground of the rhythmic swish of fine sandpaper smoothing pearwood, the
tearing sound of gouges, the hiss of the inkroller or the heady smell of
printing ink.

The end of the cycle, making the first print, gave father a mixture of
joy and sadness. It was exciting and satisfying to lift the paper from the
inked wood block for the first time, to see the finished print, crisp and
immaculate, gradually appearing around the edge of the paper as it was
carefully raised. But father had always a feeling of disappointment, of not
having been able to depict adequately his thoughts. After all his efforts,
how far short of the originally so lucid and misleading simple idea did this
result fall! [1986, pp. 1-2]
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Shield of the Swiss canton of Valais.

Although the ideas for most of Escher’s graphic work after 1936
came from within, an outside source could plant the seed from which an
idea could grow. Shortly after the war, during a mountain hike in Ver-
bier, in the canton of Valais (Wallis) in Switzerland, Escher and his sons
Jan and Arthur passed by a house where the cantonal flag of Valais was
flying. He pointed out to them that the flag, which displays a perfect
counterchange pattern of columns of red and white stars, had been the
first seed for the idea of the print Day and Night, in the days when they
lived in nearby Chateau-d'Oex. [G. Escher 1989]

Sometimes the idea for a print which used a regular division draw-
ing seemed to be suggested by the characters themselves. In 1957, an
article in Openbaar kunstbezit (Public Art Collection) by J. C. Ebbinge Wub-
ben focused on the 1951 print Predestination and quoted Escher’s expla-
nation of its evolution from drawing 80:

The idea for “Predestination” came to me simply and solely from the
characters I conceived as the two animal motifs. If it appears strange that
such simple figures are characters, it seems even more strange that they
themselves create their character. 1 have such sensations all the time when
I am working on designs for regular surface fillings. It seems it is not I who
am doing the creating, but rather that the innocent flat patches over which
Iam slaving have their own will, and it is thiey which guide the movement
of my hand as I draw.

Thus it suddenly dawned on me that I was dealing with a cruel glut-
tonous fish and with a shy terrified bird which even in its embryonic state
feels the teeth of its enemy at its neck. What else remained but for me to
try to make the drama unfold itself in a clear manner?

As the place for the climax forced upon me, I chose an open space in
the foreground where the strip of images doubles on itself. In order that
the attack could take place with primitive force, the birds and fish had first
to be separated. So at the start a metamorphosis takes place, with the
result that at the right end of the strip only fish are found, and at the left
end only birds. Slowly both streams fade into the distance, but from each
emerges one representative which simultaneously assumes a plastic form
and becomes more distinctly characterized: one black devilish fish monster
and one white innocent bird figure that is doomed to destruction. Since
they fly toward each other, they must meet, but at this moment they pass
by each other, the shy prey screaming loudly, escaping in the nick of time
from the sharp teeth of the terrible attacker—but only for a moment as
they both know. Inevitably they pursue the path that has been set for
them. At each end of the print they pierce the perpendicular wall, double
back in a sharp turn, break through the fence for a second time, and crash
into each other in the “court” that has been prepared for them. There the
drama unfolds itself; it is a sad case, but how can I help it? How I would
have liked to see innocence triumph over evil; here it happens, to my
regret, in just the opposite way. Let it be a consolation to us that in real
life, fish are usually eaten by birds!

In this print, Escher depicts (with the added melodrama of a narrow
escape) the logical outcome of a chase of predator and prey. Although
his title Predestination reflects the irreversible roles the characters must
play, it may also have satisfied his inclination to spoof gently an often
pompously held concept.
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Predestination. January 1951. Lithograph,
294 x 422 mm (cat. 372).

Most of the ideas that Escher attempted to express in his graphic
work after 1937 are broad concepts that one can observe, experience,
and even feel, but which are impossible to capture fully in words. They
are philosophical and perceptual observations that have, over the centu-
ries, fascinated thinkers from diverse fields—poetry, art, philosophy,
psychology, ecology, chemistry, physics, medicine, mathematics, . . . .
His prints portray and even exploit the ambiguity with which humans
must constantly struggle as they observe, represent, interpret and try to
understand the world that surrounds them. How can I understand in-
finity? Is there a line between two and three dimensions? Is what I see
"real?”” What thoughts does a shape evoke? Does the shape of the back-
ground have its own identity? Can I understand or experience anything
without knowing its opposite?

In 1965, Escher told an audience in Hilversum,

The laws of the phenomena around us—order, regularity, cyclical
repetitions, and renewal—have assumed greater and greater importance
for me. The awareness of their presence gives me tranquility and support.
I try to testify in my prints that we live in a beautiful, orderly world, and
not in a formless chaos, as it so often seems.

My subjects are often also playful. I cannot keep from having fun with
our unassailable certainties. For instance, it is a pleasure to deliberately
mix up two- and three-dimensionality, flat and spatial, and to poke fun at
gravity. . . . It is satisfying to note that quite a few people enjoy this kind
of playfulness and that they are not afraid to relativize their thought about
rock-hard realities.

Although Escher used a variety of devices in his prints to awaken
the viewer to see “reality’”” in a new light, fragments of periodic draw-
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Rejected letter puzzles made by Escher
for the title of the book on his graphic
work, 1959. Pencil, ink; "“Speelse
verzinsels” (“Playful Inventions”) 55 X
55 mm; “Speelse verbazing” (“Playful
Surprise’’) 50 X 50 mm; “Amazing
Images” 106 x 106 mm.

ings are a key component in about 60 of his prints. Most of these prints
are reproduced in small scale in the next chapter; larger reproductions as
well as more complete information on all Escher’s graphic works may be
found in the book M. C. Escher: His Life and Complete Graphic Work. 1t is
rarely possible to “read” Escher’s compositions in a single viewing; most
observers discover something new each time they study a particular
print.

Escher wanted his graphic works to be not only visual expressions
of puzzling concepts, but puzzles themselves, and planned to reveal this
in the title of the first book devoted to his graphic work. In 1958, as he
chose the illustrations and wrote the accompanying text, he wrote to his
son George,

The title [of the book] probably will be “Speelse verzinsels” [Playful inven-
tions]; the publisher won't hear of it, finds it not serious enough. But these
two words lend themselves so well to making a letter puzzle that he will
have to [give in]. I made a square of it, both Oey [an art colleague] and
Terpstra are excited about it and I hope the bourgeois resistance of the
Erven Tijl [the publishers] soon will be overcome.

Escher’s letter puzzle intended for the title page, as well as a second one,
”Amazing Images,” likely designed for the British translation of the
book, were never used. The stolid publisher prevailed, and the book
was published in 1960 with the plain title Grafiek en tekeningen (which
translates as Graphic Work and Drawings).

In a review of an exhibit of Escher’s prints in 1946, W. Jos de
Gruyter gave a succinct and accurate description of the unusual charac-
ter of both the artist and his visions:

This printmaker imperturbably goes his own way and reminds us of a
modern alchemist, ingeniously and fanatically experimenting with his
magic balls and magic mirrors, his magic animals and books, his magic
mottos (Verbum) and magic ideas (Cycle, Encounter). A wonderfully obsti-
nate figure, half artist, half thinker, philosopher, shaman, who in the form
of graphic puzzles tries to bring nearer to us the hidden meaning of
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life. . . . One must take him as he is: a clever and scrupulous researcher
of all the possibilities of artistic expression in a terrain where art touches
upon mathematics, physics, ornamentation, music and philosophy. A
smart and entertaining, but also isolated and driven inhabitant.

Caffllri;lg infinity

Infinity—humans can only imagine it, never experience it. The concept
permeates human thought, yet defies human understanding. It is in-
voked to answer otherwise unanswerable questions. In his book,
Against Infinity: A Cultural History of the Infinite, Eli Maor describes many
of the varied attempts by philosophers, scientists, and artists to define,
to understand, and to use the concept of infinity. He devotes a chapter
to Escher’s work, calling him a “master of the infinite.”

Mathematicians and scientists capture infinity in formulations
which describe and measure. Escher sought to capture infinity in visual
images. In 1959, in an essay, “Oneindigheidsbenaderingen” (”Ap-
proaches to Infinity”’), he wrote,

Anyone who plunges into infinity, in both time and space, farther and
farther without stopping, needs fixed points, mileposts as he flashes by,
for otherwise his movement is indistinguishable from standing still. There
must be stars past which he shoots, beacons by which he can measure the
path he has travelled. He must mark off his universe into units of a certain
length, into compartments which repeat one another in endless succes-
sion. Each time he crosses the border from one compartment to another,
his clock ticks.

Anyone who wants to create a universe on a two-dimensional surface
(he is somewhat deluding himself because in our three-dimensional world
there cannot exist a reality of two dimensions nor of four) notices that time
passes while he is working on his creation. But when he has finished and
inspects what he has done, he then sees something that is static and time-
less: in his depiction no clock ticks; there is only a flat, motionless ex-
panse. . . .

The dynamic, steady ticking of the clock at the crossing of each border
in our trip through space has grown mute, but we can replace it, in a static
way, by the periodic repetition of congruent figures on our drawing plane,
closed forms that border one another, determine each other’s shape and
fill the surface in every direction as far as we wish to go.

Regular division of the plane was, for Escher, a means to capture
infinity. His challenge was to capture infinity in a “closed”” composition;
he could not accept the abrupt cutoff of the theoretically infinite repeti-
tion seen in the periodic drawings. His description of how his regular
division drawing 67 of a horseman came into being (quoted on page 110)
does not end with the creation of that working drawing. It continues:

The horseman has been born, but although his contour is closed, the
plane in which he moves is limitless in all directions, and for this reason
we can also work him as a fragment into a picture.
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Concept sketches for the woodcut
Horseman, 1946. Pencil, colored pencil,
ink, 208 X 167 (each page).

Horseman. July 1946. Woodcut in red,
black and gray, printed from three
blocks, 239 x 449 mm (cat. 342).
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What is done next is present him as a complete entity on a limited
surface. Many solutions to this problem are possible and they are all poor.
My chief goal was to show quite clearly that the congruent shapes moving
in alternate rows to the left and to the right are indeed each other’s mirror
images. To achieve this I presented the two processions on one strip
which, except in the center of the print, has a plastic appearance as if it
were a woven fabric: the “pattern”” on the front side is of the same color as
the “background” on the reverse side, and vice versa. Thus the two pro-
cessions now form a closed circuit. In the center where the three-dimen-
sional illusion merges into a flat surface, they have obviously been inte-
grated—become part of one single regular division of the plane.

Escher’s concept sketches for the print clearly show his exploration
of this central idea for presenting the processions of riders.

The device of a cycle, a closed loop, or a suggestion of a repeated
procession of figures doubling back on each other are all used by Escher
in several other graphic works which incorporate his periodic drawings
as fragments. In these prints, he also mixes the illusion of three dimen-
sions with two: the representation is in the plane, the regular division is
in the plane, but the figures take on life, like the playing cards in Alice in
Wonderland, and move about to complete their cycles. In Regelmatige vlak-
verdeling he explains,

When an element of plane division suggests to me the form of an
animal, I immediately think of a volume. The “flat shape” irritates me—I
feel as if I were shouting to my figures, "You are too fictitious for me; you
just lie there static and frozen together; do something, come out of there
and show me what you are capable of!”

So I make them come out of the plane. But do they really do that? On
the contrary, I am deliberately inconsistent, suggesting plasticity in the
plane by means of light and shadow. . . .

My objects, fictitiously brought to life, can now make their own way
as independent plastic beings. If they want to, for example, they can even-
tually return to the plane and disappear into their place of origin. Such a
cycle then constitutes a self-contained subject for a print. If the plane fill-
ing, which served as point of departure, consists of a repetition of two
motifs of differing form and character, they can express their possible ag-
gressive antagonism by destroying each other, or—if a more peaceful so-
lution is preferred—they can become reconciled with each other in a fra-
ternal embrace.

The prints alluded to by Escher in this explanation are Reptiles (page
113), Predestination (page 239), and Encounter (page 300). Other prints in
which a cycle is prominent are Cycle (page 290), Fish (page 295), Magic
Mirror (page 301) and Swans (page 310). An interesting puzzle for the
viewer is to follow the path of the moving figures to discover whether
such a cycle can exist and, if so, how it might be constructed or woven.

Regular division on three-dimensional surfaces Escher also used regu-
lar division to attempt to capture infinity by nongraphic means. In "’Ap-
proaches to Infinity,”” he asks the question, “What has been achieved by
the regular division of the plane in [drawing 25]?"” He then answers his
own question:
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Not yet true infinity but nevertheless a fragment of it; a piece of “the
universe of reptiles.” If only the plane on which they fit into one another
were infinitely large, then it would be possible to represent an infinite
number of them. However, we aren’t playing an intellectual game here;
we are aware that we live in a material, three-dimensional reality, and we
cannot possibly manufacture a plane that extends infinitely in all direc-
tions. What we can do, of course, is bend the piece of paper on which this
world of reptiles is represented fragmentarily and make a paper cylinder
in such a way that the animal figures on its surface continue to fit together
without interruptions while the tube revolves around its lengthwise axis.

Escher wrapped a periodic design around a cylinder in commis-
sioned designs for tiled columns for a school in The Hague and one in
Baarn and for a painted concrete column for a provincial bureau in Haar-
lem. He wanted the columns for the school in The Hague to be instruc-
tive—one pattern having just translation symmetry, one having rotation
symmetry, and one having glide-reflection symmetry-—and he chose
drawings 74, 96, and 104. He then had to find a new geometric grid for
each design so the manufacturer, De Porceleyne Fles, could make just
one square tile mold for each column. Escher enjoyed the challenge, and
wrote to his son George in May 1959, “It’s extraordinary what you can
do with just a single square tile. The ‘Fles’ in Delft is quite amazed.” In
an article “Escher Designs on Surfaces,” Marjorie Senechal discusses
these columns and other surface coverings possible with Escher’s de-
S1gns.

The designs for the columns in the Baarn school, done in 1968, each
required two different square tiles; the designs are drawings 126 and

Carved sphere with fish, 1940. “Heaven and Hell” carved sphere, Carved sphere with eight grotesques,
Beechwood, stained in four colors, 1942. Maple, stained in two colors, 1943. Beechwood, stained in two colors,
diameter 140 mm. diameter 235 mm. diameter 130 mm.
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134. Further details on these tiled columns and on the painted column
(pictured on page 260) can be found in Chapter 5.

Infinity is only partially captured in covering a cylindrical surface
with a periodic design. In “Approaches to Infinity,” Escher notes, “In
this way, infinity is achieved in one direction, but not yet in all direc-
tions because we can no more make an infinitely long cylinder than we
can make an infinitely extending plane.”

He discovered that the sphere offered a more satisfying surface on
which to capture infinity with only a finite number of congruent forms.
In 1940, he carved the surface of a beechwood ball so that it was sym-
metrically covered with 12 identical fish in low relief. He stained the
figures in four different colors, conforming to his rule that adjacent fish
not share the same color. As a solution on a three-dimensional surface,
Sphere with Fish is most satisfying: “When we turn the ball around in our
hands, we see fish after fish appear, continuing into infinity.”

The fish motif on Escher’s carved sphere is very much like that in
his periodic drawing 20, in which four fish spin around pivot points at
the tips of their dorsal fins and tails. On the sphere, three carved fish
rotate about each of these same pivot points. Escher does not say how
the design on his carved ball was derived. However, many years later,
when he gave instructions to a Japanese netsuke carver to make a small
replica in ivory, he noted on a photo of his wooden ball that the 3-fold
rotation points at which fish come together are the corners of a cube
inscribed in the sphere. Indeed, if a square grid is superimposed on
drawing 20 by connecting its 4-fold rotation points and the flat pattern of
a cube is cut out from this grid, the folded-up cube has a continuous
pattern of 12 fish covering its faces, arranged in the same manner as
those on Escher’s carved sphere.

During the war years, when Escher found the mental concentration
for his graphic work difficult, he carved two other wooden balls, making
regular divisions on their spherical surfaces. In 1942, he adapted his
angel and devil motifs of drawing 45 to the surface of a large maple ball
and stained the devil motifs for contrast. In a letter to the American
collector C. V. S. Roosevelt in 1962, he described the ball: It has two
poles and an equator. One pole represents ‘heaven,” with only white
angels on a black background, which I carved much deeper than the
angel figures. The other pole shows ‘hell,” with only black devils on a
deeply carved white background. At the equator both angels and devils
are visible and equivalent, carved at the same sphere-level.”

In 1943, Escher carved a softball-size beechwood ball with eight
grotesques—two different pairs of interlocked figures alternating light
and dark, each pair appearing twice. One pair of these figures is similar
to the motifs of drawing 53, made the previous year.

He carved a maple sphere with reptile motifs in 1949, commissioned
by a friend who was a collector. The carved design is not derived directly
from any of Escher’s periodic drawings, but was evidently designed
directly on the ball. The symmetry of the design is exactly the same as
that of the fish ball; it has 12 identical lizards covering its surface, stained
in four colors.

For a brief period in the spring of 1952, Escher experimented with
covering the surfaces of polyhedra with regular division designs. He
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Carved sphere with reptiles, 1949.
Maple, stained in four colors, diameter
approx. 18 cm. (Drawing, 1990.)
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Regular dodecahedron with turtles,
1952. Cardboard construction with
pencil, colored pencil, ink, diameter
87 mm.

Rhombic dodecahedron with “three
elements” (bat, fish, lizard), 1952.
Cardboard construction with pencil,
colored pencil, ink, diameter 100 mm.

Plastic ball with Escher’s sketch of the
surface design “three elements” to
guide Masatoshi’s carving of an ivory
ball. The motifs on the ivory ball for
Escher were colored in the same
manner, but Escher later removed the

color.

wanted the 12 pentagon faces of a regular dodecahedron to show a
repeated animal motif and made a cardboard model on which he drew a
design of interlocked turtles. He was very dissatisfied, however, be-
cause the shells and heads of the turtles were bent in an impossibly
unnatural way by the corners and edges of the polyhedron.

He considered his second attempt, which adapted his periodic
drawing 85 to the faces of a cardboard rhombic dodecahedron, more
successful on several counts. Each diamond-shaped face is occupied by
roughly one whole motif, and the animal parts that extend to adjoining
faces are ones that can believably bend in that manner. There are three
motifs (lizard, fish and bat) which represent the three elements of life—
earth, water, and air. Each animal motif has its own color, and in the
total design which covers the surface of the cardboard model, each of
the three colors forms a closed circuit of four diamonds around the form.

Eleven years later, Escher eagerly accepted an invitation from Roo-
sevelt to provide a new design for a carved sphere to be executed in
ivory by the Japanese netsuke carver Masatoshi. He had hoped to make
the sphere himself, but knew he no longer had the time or energy. He
chose his three-element design and, to guide the ivory carver, drew the
design on a plastic ball and provided a line drawing of one of the eight
spherical triangles that repeat to fill the sphere’s surface. The number of
motifs and their arrangement on his earlier cardboard rhombic dodeca-
hedron and on this sphere are exactly the same; on the sphere, each
circuit of four identical animal motifs forms a great circle, and these
three great circles are mutually perpendicular.

Escher’s interest in polyhedra extended to compound polyhedra
and star polyhedra as well; he studied photos of models in the classic
book Vielecke und Vielfliche by M. Briickner as well as drawings of these
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forms by Leonardo da Vinci; he also constructed several cardboard mod-
els. The idea for a puzzle was probably born as he studied the star
polyhedron called a “stellated dodecahedron” which he featured in his
1950 lithograph Order and Chaos. In 1952, as he made preliminary draw-
ings for the lithograph Gravity, he restudied the form closely; this time
he viewed it as 12 intersecting five-pointed stars (pentagrams). He then
invented a puzzle of 12 intertwined identical starfish shapes and ren-
dered it in heavy paper, in rubber tubing, and in rubber.

Escher once expressed the hope to make a clear glass sphere etched
with a surface design of regular division, to be illuminated from the
inside, so that the perfect continuous symmetry of the repeated motifs
could be viewed as a whole. Such a sphere was never made. However,
inspired by the starfish puzzle, he made a beautiful stellated dodecahe-
dron of clear plexiglass with a starfish engraved on the inside of each of
its 12 pentagram faces.

In 1958, guided by the compound polyhedron of five interlocked
tetrahedra which he found illustrated in Briickner’s book, Escher carved
a maple ball in deep relief. He transformed the stark angles and flat faces
of the polyhedron into softer, curved petals of flowers, but retained the
symmetry of the polyhedron.

One decorated polyhedron designed by Escher was manufactured;
in 1963, the Verblifa company commissioned him to design an unusual
candy tin to celebrate the company’s seventy-fifth anniversary. Escher
chose the form of an icosahedron, with 20 triangular faces. His surface
design has elements from his periodic drawing 42, but is not directly
based on that plane filling. Each triangular face of the tin box has exactly
the same design and the 5-fold symmetry of the polyhedral form pro-
duces a starfish at each vertex (see page 295).
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Puzzle of twelve entwined starfish,
1952. Rubber, diameter 123 mm.

Carved polyhedron (compound of five
tetrahedra) with flowers, 1958. Maple,
diameter 160 mm.

i

Drawing with Escher’s identification: *'5
regular tetrahedra whose 20 vertices are
those of a regular dodecahedron.
(found in table IX, no. 11, ‘Vielecke
und Vielflache,” Dr. Max Briickner,
Leipzig, B. G. Teubner, 1900.)”" Pencil,
colored pencil, ink, 234 x 317 mm.
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Central similarity

———p

Spiral similarity

Two similarity transformations used by
Escher in his prints. A central similarity
scales all figures uniformly (scale k) and
moves them along lines which emanate
from the center O, so that their new
distance to O is k times the old
distance. In the illustration, the motifs
shrink by almost half as they move
toward O; k = 3/5. A spiral similarity is
a two-step transformation: a rotation
about a center O, followed by a central
similarity with respect to O. In the
illustration, the large moth rotates 45°
and then shrinks and moves inward;
the scale is k = 1/V 2.

Prints with motifs of diminishing size Capturing infinity on the surface
of a sphere or polyhedron did not satisfy Escher the graphic artist. He
wanted to capture infinity in the plane, and not “cheat” by counting the
same motif over and over. He abandoned the constraint of working only
with repetitions of congruent figures and employed instead the repeti-
tion of figures of the same shape, but diminishing size.

A geometric transformation of a figure in the plane which simply
scales the figure—enlarging or shrinking its size, but retaining its exact
shape—is called a “similarity.”” Spiral paths of similar figures can be
created by rotating a motif about a pivot point while simultaneously
shrinking it and then repeating the transformation again and again.
Other geometric transformations can scale the size of a figure while dis-
torting its shape only slightly. Projections are related to our own visual
perception of objects viewed at a distance or from different positions—
the figure’s shape is perceived as unchanged. Other less familiar geo-
metric transformations also scale figures with only a slight distortion of
shape: transformations of figures in a noneuclidean hyperbolic plane
(contained entirely within the confines of a circle) repeat a motif as a
slightly distorted similar figure which grows infinitely small as it ap-
proaches the edge of that circular world. By use of these various geomet-
ric transformations, Escher could create “plane fillings” with a theoreti-
cally infinite number of “‘same-shaped” figures, the actual number of
images limited only by the physical bounds of hand, eye, and carving
tools. Such compositions could capture infinity through endless rhyth-
mic repetition of a motif within the borders of a graphic print.

One way to achieve a design with an infinite number of similar
figures is to wrap a periodic drawing with congruent motifs around a
cylinder and then project the design back onto the flat surface of a plane.
This is not done by unrolling the pattern covering the cylinder’s surface,
but rather by depicting in the plane an unusual view of the rolled pat-
tern. Envision Escher’s drawing 102 rolled up with the design continu-
ously covering the inside of an infinitely long cylinder, so that the hori-
zontal glide axes for the rows of alternating black and white ray fish
form circles that wrap around the cylinder’s surface and are spaced at
equal intervals; then the translation axes of the pattern will run parallel
to the cylinder’s axis. If the cylinder is tilted so that a viewer can peer
directly down its infinite hollow, then those parallel lines will appear to
converge to a point, and those stacked circles will be seen as a nest of
concentric circles, forever diminishing in size to the same center point.

Escher’s Path of Life I is a stylized depiction of this view of his draw-
ing 102; his motifs do not diminish with the increasing rapidity charac-
teristic in one-point perspective. Instead, he uses a central similarity to
produce a geometric progression; the motifs shrink in size by almost one-
half each time they move inward from one concentric circle to the next. In
this print, as well as others which use this geometric device, Escher dis-
torted the outermost motifs to provide an aesthetic frame for the compo-
sition. Other prints that can be viewed in this way are Fish (page 322),
Path of Life II (page 311) and Path of Life Il (page 316).

In all three of the Path of Life prints, but especially in Path of Life I1I,
streams of motifs of the same color appear to follow spiral paths. This
last design is derived from drawing 125. In the print, the red-outlined



squares of the drawing appear distorted and packed like the seedhead of
a sunflower. When a pattern (such as drawing 102 or 125) is rolled in the
manner described above (with the glide axes forming circles), the diago-
nal head-to-tail streams of motifs become helices, twisting around the
inside of the cylinder like stripes on a barber’s pole. The helices are then
transformed into spiral paths when projected through the hollow of the
cylinder onto a distant plane.

In several other works, Escher transformed the parallel rows of in-
terlocked motifs which move in opposite directions in a plane periodic
design into spiraling streams. In addition to depicting infinity, these
works are a visual metaphor for birth-life-death: motifs in one stream
are born in the eye of a whorl (birth-life) and increase in size as they
spiral outward, while adjacent motifs of contrasting color spiral in the
opposite direction, diminish in size as they are drawn into a vortex, and
eventually disappear (death). In 1957, Escher made a pair of such de-
signs representing life-passage for wall murals in the funeral building at
the third public cemetery in Utrecht (see drawing Al3 and its notes).

While working on the life-passage designs, Escher also completed
the graphic work Whirlpools, which is a double spiral. In this print, each
fish is born in the eye of a whirlpool, follows a coiled path outward
while growing in size, then follows a spiral path in the opposite direc-
tion toward the vortex of the second whirlpool, until disappearing into

Path of Life 1. March 1958. Woodct
red and black, printed from two b
410 x 410 mm (cat. 424)
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Wihirlpools. November 1957. Wood
engraving and woodcut, second state in
red, gray, and black, printed from two
blocks, 438 x 235 mm (cat. 423).

its funnel. Escher carved only one block to print the colors in this wood-
cut; the figures printed in one color are identical to those in the contrast-
ing color. By rotating the block 180° the second spiral of fish neatly
interlocks with the first; the carved date and initials MCE appear at the
top and bottom of the print. A few months after completing the painting
of the large wall murals at the funeral building in Utrecht, Escher pro-
duced the print Sphere Surface with Fish in which he transformed parallel
streams of fish in the plane into paths of fish which spiral from pole to
pole around a globe (see drawing Al4 and its notes).

In all these prints, the motifs diminish in size as they follow a path
to a single point in the interior of the composition. Escher sought in vain
to depict an opposite progression, to have the motifs increase endlessly
in number from the center cutward while decreasing in size, to ap-
proach an infinite number of points on the boundary of an enclosed
region.
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In 1958, in almost a replay of his discovery in 1937 of the power of
geometric rules from the mathematical articles by Polya and Haag,
Escher seized the visual information in a geometric diagram in a mathe-
matical article by H. S. M. Coxeter. The diagram showed a tiling of black
and white curved triangles inside a circle—it was an illustration of a
tiling of the hyperbolic plane—and it offered Escher a solution to his
problem. Coxeter had sent Escher a reprint of this 1957 paper to thank
him for permission to reproduce two of his periodic drawings as illustra-
tions. Several months later, Coxeter received an enthusiastic letter from
Escher which began, ’Did I ever thank you for sending me (more than
half a year ago) ‘A Symposium on Symmetry’? [ was so pleased with this
booklet and proud of the two reproductions of my plane patterns!
Though the text of your article on ‘Crystal Symmetry and Its Generaliza-
tions” is much too learned for a simple, self-made plane pattern-man like
me, some of the text-illustrations and especially figure 7, page 11, gave
me quite a shock.”

Escher spent a great deal of time figuring out the “rules” of such a
hyperbolic tessellation from the diagram; Coxeter’s hocus pocus text”
gave him no help. He was able to construct the intersecting circular arcs
and “scaffolding” necessary to create his own version of a hyperbolic
tiling, Circle Limit I (page 316), which he sent to Coxeter. In the next two
years, he produced three other such designs; two of them use motifs
from his numbered periodic drawings. Circle Limit II] uses drawings 122
and 123 and Circle Limit IV (page 296) uses drawing 45. Two articles by
Coxeter, “The Non-Euclidean Symmetry of Escher’s Picture ‘Circle Limit
I’ and “Angels and Devils,” tell more of the story of his correspon-
dence with Escher about these prints, and also provide careful mathe-
matical analyses of them. Coxeter’s book [1969, p. 285] and his 1979 ar-
ticle reproduce the hyperbolic tessellation of triangles which "“shocked”
Escher.
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Circle Limit III. December 1959.
Woodcut, second state, in yellow,
green, blue, brown, and black, printed
from five blocks, diameter 415 mm
(cat. 434).
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Escher’s lecture illustration to show the
geometric scheme of Smaller and Smaller.
This corresponds to one quarter of the
square print, with C at the center.

Escher devised other highly original methods of capturing infinity
in graphic works; his prints Division, Fish and Scales, Smaller and Smaller
(two versions), and Square Limit are examples. Although each work dis-
plays a logical progression of repetition (or creation) of figures, these
designs do not use geometric transformations, at least in the traditional
mathematical sense of that phrase. In fact, in these works Escher seems
to have anticipated yet other fields of inquiry which have only recently
been recognized as important areas for research by mathematicians and
scientists.

In Division, lizards emerge from lizards; the suggestion that this
splitting (familiar in living cells) can continue forever depicts an infinite
process (see drawings 35 and 101 and their notes). In Fish and Scales
(page 321), rows of small fish serve as scales for larger fish, or, reading it
the opposite way, large fish shed scales which become small fish—
again, an infinite process of creation through splitting or amalgamation.
The two versions of Smaller and Smaller as well as Square Limit use well-
defined algorithms for division. In Regelmatige vlakverdeling, Escher de-
scribes his line limit version of Smaller and Smaller (page 294) as an exam-
ple of “a dynamic action . . . a halving or a doubling, a diminution or an
enlargement, a division or a multiplication depending on whether the
print is read from the top downwards or from the base upwards. Which-
ever description we choose, it is a fact that ‘something happens’ in a
vertical direction.”” This description of the print is accompanied by a
geometric diagram of right triangles to illustrate the division algorithm;
in the print, the triangles are replaced by lizards.

Escher created a similar geometric diagram of triangles as a lecture
illustration to show the division algorithm used in his central limit ver-
sion of Smaller and Smaller. The algorithm for the diagram is this: to
produce smaller triangles adjacent to a given right triangle, reflect the
triangle across its hypotenuse and split the image into two congruent
right triangles. (This shows, by the way, that the two newly created
triangles are scaled by 1/V/2; Escher’s “halving” refers to area, not scale.)
A far more complex algorithm is needed for Escher’s lizards to occupy
the diminishing triangular spaces successively. Starting at an outer cor-
ner, each large lizard must be turned (pivoted about the point where it
touches elbows with two other lizards), shrunk to fit the smaller adja-
cent compartment, and then turned over (reflected) to bend in the right
direction. This transformation of a single motif into a smaller neighbor-
ing motif is completely local; none of these transformations are symme-
tries of the print as a whole.

Escher’s Square Limit (page 315) was created in 1964, four years after
completing his Circle Limit prints. It uses an adaptation of the same
splitting algorithms just described, but now motifs multiply and dimin-
ish in size as they approach all four sides of the square frame of the
print. Escher sent one of his first prints of Square Limit to Coxeter with a
colored diagram which clearly reveals the algorithmic nature of the geo-
metric scheme of the print (see notes on drawing 119). Tilings which can
be produced by such algorithms are today called “self-similar” tilings
and are the subject of mathematical research.

Although one can envision and describe how a single motif can be
transformed into a multiplicity of different-sized similar figures which
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fill a region, the realization of each imagined transformation was an
enormously painstaking task for Escher. The mathematical accuracy of
his hand-drawn and then hand-carved woodblock designs was the re-
sult of careful planning and patient work, preceded by numerous trial
sketches and choices of coloring schemes. For each print with rotation
symmetry, he carved only that portion of the design which could gener-
ate the whole through repeated printing and changing the color of the
printing ink.

Escher’s letter to Coxeter in 1964 which accompanied his print
Square Limit explained the ardous printing process: “I fear that the sub-
ject won’t be very interesting, seen from your mathematical point of
view, because it’s really simple as a flat filling. None the less it was a
headaching job to find an adequate method to realise the subject in the
simplest possible way.” He then indicated how he made the print in
three colors (one being the white of the paper) with only two wood-
blocks: he printed each woodblock four times and alternated the color
printed by a single block as it was rotated 90° abcut the center of the
print. Escher also employed the technical power of strong magnifying
lenses to stretch to the limit the skill of his hands and capabilities of his
carving tools. In Regelmatige viakverdeling he reports on carving the block
for the print Smaller and Smaller:
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Smaller and Smaller. October 1956. Wood
engraving and woodcut in black and
red, printed from four blocks,

380 X 380 mm (cat. 413).
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The material 1 chose was a block of the best quality of palmwood
available and on this 1 engraved a series of increasingly smaller animal
figures, starting at the edges and working toward the center. As I ap-
proached the middle, increasingly higher demands were made on the
steadiness of my hand, the keenness of my eyesight, the sharpness of my
burin, and the quality of my material. By the time my little picture surface
had been reduced to a square centimeter, I needed a system of three mag-
nifying glasses placed on top of one another in order to see clearly enough
what I was doing. The smallest figure still recognizable as a complete ani-
mal form—with head, tail, and four legs—had a total length of about two
millimeters. During this extremely minute work—minute for me at least,
but what is our Western skill compared with the proficiency of the Eastern
artisan—I discovered once again that the human hand is capable of exe-
cuting extremely small and yet completely controlled movements, on the
condition that the eye sees sufficiently clearly what the hand is doing.

Escher found in the canons of J. S. Bach an expression of his own
desire to capture infinity; he wrote in 1961 to the art historian E. H.
Gombrich, “It may be that the canon is near to my (anti)symmetric
plane-filling mania. Bach played with repetition, superposition, inver-
sion, mirroring, acceleration and slowing down of his themes in a way
which is, in many regards comparable with my translation and glide-
mirroring of my ‘themes’ of recognizable figures. And that’s perhaps
why I'love his music particularly.”” The music was also an inspiration; he
closed his essay in Regelmatige viakverdeling with a testimony to the influ-
ence of Bach’s music on his work.

His reasonableness, his mathematical arrangement, and the severity
of his rules probably play an important role, but not a direct one. It is an
influence based on feelings that takes place, at least as far as my conscious
perceptions while hearing his music are concerned. . . . A vague feeling of
expectation and suddenly emerging hope sometimes manifests itself dur-
ing a concert, in the middle of a period of sterility. Longing for creativity
precedes the urge to create and this is the first spark that sets in motion the
mechanism of making images. Thus my periods of slackening, mental
emptiness, and listlessness call for the music of Bach as a tonic to stimulate
my longing for creativity.

Memphor and metamorphosis

Metamorphosis, that process in nature that turns larva to butterfly or
tadpole to frog, is a rich metaphor to describe any gradual change from
one state to another sharply contrasting one. Escher found that meta-
morphosis is not only a metaphor, but also a visual device to draw atten-
tion to the ambiguities of human perception and attempts to categorize.

In his first review of Escher’s work in 1938, ““Nieuw werk van M. C.
Escher” (“New Work by M. C. Escher”), s’-Gravesande commented,
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I do not know whether Escher is familiar with the following words of
Diderot in the dialogue Le réve d’Alembert, but they could serve as a motto
for his latest graphic work, which was born of one thought: “Tout animal
est plus ou moins homme; tout minéral est plus ou moins plante; toute
plante est plus ou moins animal. Il y n’est rien de précis en nature.”
(“Every animal is more or less human; every mineral is more or less plant,
every plant is more or less animal. There is nothing precise in nature.”)

The art critic was referring to the first five prints that Escher made
beginning in May 1937—Metamorphosis I, Development I, Day and Night,
Cycle, and Sky and Water I. Each of these prints contains a metamorpho-
sis, yet each transformation serves a different function. From each, sev-
eral other prints followed and gave further expression, variation, and
refinement to the possibilities suggested by metamorphosis.

Picture stories Metamorphosis 1 (page 19) was Escher’s first attempt
at telling a picture story in which one scene leads to the next by a
subtle metamorphosis of forms. In his 1940 article in De vrije bladen,
's-Gravesande reported that Escher was very dissatisfied with the com-
position because he felt that there was no “logical” train of thought or
story line that would connect a Chinese boy with a tower on the Amalfi
coast. For that reason, Escher did not exhibit this particular print.

Thoughts, loosely associating in a stream of consciousness and oc-
cupying idle moments in daydreams or in relaxation before sleep are
familiar to everyone. Sometimes young campers spin a yarn in the dark
of a cabin, piecing together the story as it bounces from bunk to bunk,
with no predictable end. In an article “Spel van vormen en denkbeel-
den” (“Play of forms and ideas”), J. R. Kist relates Escher’s recollection
of how he would evoke a panorama of images:

I played a similar game when I was ten years old, at night in bed
before falling asleep: the association of thoughts. As my starting and fin-
ishing points I took two completely arbitrary concepts, and these I had to
try to relate in a logical way. For example: How do I get from a tram
conductor to a kitchen chair? Tram conductor—a tram pulled by horses—
rails—through the whole city—'til the end—near the forest—with many
trees—from wood—someone sawing planks—someone making furni-
ture—a kitchen chair. It only becomes difficult when one wants to convey
such a stream of thought in the form of an image. I only found out how to
do so some thirty years later.

In this last sentence, Escher was referring to the monumental visual
display of thought association in his 1939-1940 Metamorphosis II, which
defied not only conventions of composition, but even the most liberal
conventions of size. The woodcut was printed from 16 blocks, on three
separate but contiguous panels, each 19.5 centimeters high. Its total
length is 4 meters. In order to see the whole print, the viewer is forced to
travel its length. The picture story, beginning with a letter puzzle of the
word ““metamorphose,” weaves together fragments of five of Escher’s
drawings (numbers 15, 25, 27, 28, and 29). Metamorphosis II is also a
closed cycle of thought associations; its end returns to its beginning. On
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at least one occasion it was mounted and exhibited on the surface of a
cylinder around which the viewer could walk. It is interesting to note, as
did ‘s-Gravesande in the 1940 De vrije bladen article, that Escher incorpo-
rates into this picture story the same town on the Amalfi coast that he
showed in his 1937 Metamorphosis. This time, the town is part of a logical
transition of images and provides the link between stacked cubes and a
chess game. Escher described this print to ‘s-Gravesande as a “surrogate
for a film" and expressed a desire to realize his ““metamorphosis and
thought association mania in an animated cartoon.” In his lectures,
Escher showed this print in a sequence of six slides, two at a time,
side-by-side. That was the closest approximation to continuous scan-
ning that could be arranged with projected slides. (Escher’s lecture de-
scription of this picture story is given on pages 257 and 258).

In 1967, a commission by the PTT (the Dutch Postal Service) pro-
vided Escher the unusual opportunity to enlarge his previous work. The
large post office on the Kerkplein in The Hague was being renovated,
and he was asked to design a new version of Metaphorphosis II for a
mural for its main customer service room. In September 1967, during the
negotiations with the PTT, he wrote about it to his friend Gerd Arnzt.
He explained that a print of Metamorphosis [, hung in a conference room,
had for years served as a source of diversion for the director of the PTT
during dull meetings, and he “figures a bunch of bored people in lines
can be kept amused by something like that.”

The first plan was to enlarge the print 10 times, but these dimen-
sions did not fit the wall, which was 2.4 meters high and 45 meters long,.
Negotiations led to the final plan:

I will execute this all in a woodcut of the same size [as the 1939-1940
print], £19.5 ecm high. So I get a strip 7 m long which has to be ready
before 1 Jan. ‘68. After that they will have in hand from me one complete
print which they will enlarge photographically to a band breadth of
1.10 m. The length will be =42 m. Under my supervision, one (or two)
skilled housepainters will paint this thing on linen . . .

Itis a nice work. They pay me well and at the same time I can work for
myself because 1 still retain the right to sell the woodcut to people who are
eager to buy. Apparently there are always nuts who are nuts enough to
buy such a streamer of 7 m.

The only thing that scares me is my strength. [ hope not to get sick
before I'm finished with it.

Itis not so easy as it may appear to expand a “closed”” design of 4 m by
3 m more. Itis a strange feeling also after 28 years to glue a second part to
the first. Around 1940 my inventiveness certainly was greater than now.
Shall I succeed in reaching the same level? (if you can speak of a level at
all). One advantage, of course, is that after 28 years I have a vast collection
of periodic drawings at my disposal which I did not have in 1940.

The commission challenged Escher with a multiple puzzle: first how
to create “openings” in his picture association of twenty-eight years
before and then, for each pair of pictures now divided by a gap, how to
bridge that gap with new pictures in a continuing metamorphosis of
images. Escher wove fragments of six additional periodic drawings into
his 1939-1940 serial; he already had four of these (numbers 76a, 100,
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112, and 113) in his folio collection and he created two new ones (num-
bers 129 and 131). The woodcut print of the design was delivered on
time to the PTT, but the painting of the mural (begun by one young
painter who was joined by a second after a short time) took much longer
than anticipated; it was finally completed in February 1969. Escher was
pleased with the exacting care of the painters in translating his 7-meter-
long print to a monumental work six times that size. Kist’s 1968 article
about the mural, written shortly after it was unveiled, described how the
picture story could engage the imagination of young and old alike: “All
these animals and objects, these changing foregrounds and back-
grounds, form a logical and enthralling play of interpenetrating images,
each of which can be recognized as easily by children as by the pension-
ers who come to pick up their checks.”

In June, 1968, when barely half the mural was painted, Escher gave
a lecture at the opening of a retrospective exhibition of his work in the
Haags Gemeentemuseum, celebrating his seventieth birthday. He wrote
to Roosevelt about preparations for the lecture; the museum had agreed
to make a continuous strip of film of the new Metamorphosis III so it could
be shown as an uninterrupted story by slowly pulling the filmstrip past
the lens of a projector. Unfortunately, that plan was never realized.
Later that same year, a movie was made for Canadian television about
Escher’s work; in it, the viewer is shown the continuous stream of im-
ages in Metamorphosis 11l as though the camera were slowly scanning the
print. Actually, the print (owned by Roosevelt, and mounted on linen as
a continuous streamer) was slowly pulled in front of the lens of a fixed
movie camera, so the same effect that Escher had planned for his lecture
was recreated in much larger scale.

Four years earlier, in 1964, Escher was to have given a lecture at
M.IT. in Cambridge, Massachusetts, but emergency surgery forced its
cancellation. Arthur Loeb, the Harvard professor who arranged the
visit, did show the slides and deliver a lecture based on Escher’s text,
both of which had been sent by George Escher from Canada. The type-
written text of Escher’s lecture, in English, contains his own reading of
his 1939-1940 Metamorphosis II, and it is especially interesting to follow
that description while scanning the reproduction here of his seamless
1968 Metamorphosis III in which he has lengthened the story by the inser-
tion of additional “chapters.” In reading the description of the earlier
picture story while viewing the later version, one can judge Escher’s
success in weaving new episodes into his earlier stream of images. Here
is the lecture text of Escher’s description of the 1939-1940 Metamorphosis
II (the hyphenation is Escher’s):

It's a picture-story, consisting of many successive stages of transfor-
mation. The word “Metamorphose” itself serves as a point of departure.
Placed horizontally and vertically in the plane, with the letters O and M as
points of intersection, the words gradually transform into a mosaic of
black and white squares, which, in turn, develop into reptiles. If a compar-
ison with music is allowed, one might say that, up to here, the melody was
written in two-quarter measure. Now the rhythm changes: bluish ele-
ments are added to the white and black and it turns into a three-quarter
measure. By and by each figure simplifies into a regular hexagon. At this
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Metamorphosis IH1. 1967-1968. Woodcut,
in black, green, and reddish brown,
printed from 33 blocks on 6 combined
sheets, 192 x 6800 mm (cat. 446).

point an association of ideas occurs: hexagons are reminiscent of the cells
of a honeycomb, and no sooner has this thought occurred, than a bee-
larva begins to stir in every cell. In a flash every adult larva has developed
into a mature bee, and soon these insects fly out into space.

The life-span of my bees is short, for their black silhouettes soon
merge to serve another function, namely: to provide a background for
white fishes. These also, in turn, merge infto] each-other and the inters-
pacings take-on the shape of black birds. Then, in the distance, against a
white background, appear little red bird-silhouettes. Constantly gaining in
size, their contours soon touch those of their black fellow-birds. What then
remains of the white, also takes a bird-shape, so that three bird-motifs,
each with its own specific form and colour, now entirely fill the surface in
a rhythmic pattern.

Again simplification follows: each bird is transformed into a rhomb
and this gives rise to a second association of ideas: a hexagon made up of
three rhombs, gives a plastic effect: appears perspectively as a cube.

From cube to house is but one step and from the houses a town builds
up. It’s a typical little town of southern Italy, on the Mediterranean,
with, as commonly seen on the Amalfi-coast, a Saracen tower, standing in
the water and linked to the shore by a bridge.

Now emerges the third association of ideas: town and sea are left
behind and interest is now centred on the tower: the rook, and the other
pieces on a chessboard.

Meanwhile the strip of paper, on which “Metamorphose” is por-
trayed, has grown some 12 feet long. It’s time to finish the story and this
opportunity is offered by the chess-board, by the white and black squares,
which at the start emerged from the letters and which now return to that
same word “Metamorphose.”

In 1962, Escher created a picture story of metamorphosis in a verti-
cal manner. His design for a column for the Provinciale Waterstaat en
Planologische Dienst (Provincial Bureau of Water Management and
Planning) in Haarlem evokes many associations with water: frog—
fish—boat—flying fish—bird. Repetitions of each motif continuously
encircle the column, while in an upward transition, each frog metamor-
phoses through four stages and emerges as a bird. From the four peri-
odic drawings (111, 112, 113, 114) he created for this commissioned
work, Escher later chose the two of interlocked boats and fish to inte-
grate into Metantorphosis III. Whether moving horizontally or vertically,
his fish and boats seem to transform effortlessly into each other. (See
page 260.)

Development of form and contrast Development I (page 30), as its title
suggests, depicts a developmental metamorphosis from flat gray
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squares to sharply defined lizards in starkly contrasting black and white.
This print was the first of several that served to declare in visual meta-
phor Escher’s strongly held opinions on graphic technique and regular
divisions of the plane. He gives a picture lesson on the subject in Plate
in Regelmatige vlakverdeling (page 305). Here contiguous panels of the
print, numbered in sequence, form a meander of 12 episodes in a grad-
ual transition: neutral gray plane—geometric checkerboard—
silhouetted motif—contrasting interlocked identical birds—contrasting
birds and flying fish with identical contour. In his accompanying essay,
he describes the general process of making one of his regular divisions
of the plane. Form is developed through the evolution of contour and
given individuality through contrast. Further individuality is provided
through the addition of internal detail—contours alone, like silhouettes,
may have multiple interpretations. The birds and fish with the same
contour that evolve in Plate I are almost the same ones that play out the
drama of predator and prey in Predestination (page 239).

Other periodic drawings show Escher’s creation of two motifs from
a single contour, for example, drawings 31 and 125. Sometimes symme-
try present in a periodic drawing was lost when he altered some internal
detail of the interlocked forms in order to integrate them as a fragment in
a graphic work. Compare, for example, drawing 51 which has half-turn
symmetry, with the corresponding portion of the print Verbum (see
notes on drawing 51).

‘erbum. July 1942, Lithograph,
332 x 386 mm (cat. 326)
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Metamorphosis 11 (continued)

Metamorphosis on column, Provinciale
Waterstaat en Planologische Dienst
(Provincial Bureau of Water
Management and Planning), Haarlem,
March 1962. Painted concrete, diameter
30 cm, height 250 cm (approx.).

In Regelmatige viakverdeling, Escher refers to his lithograph Verbum
(“In the beginning was the Word”) as another example of the use of
development of form and contrast. “One can even make it into a story of
creation. Out of a misty gray vagueness, primitive shapes can loom up
that slowly develop into animal figures in gradually more contrasting
shades—creatures of the earth, water, and air which in the final stage of
their development stand out against the background of the element in
which they live.”” This print integrates six different periodic drawings,
numbers 47 to 52, each of which shows two interlocked animal motifs;
each motif is created by altering the three sides of an equilateral triangle.
Escher’s choice of an isometric grid of equilateral triangles as the skele-
ton for the design, rather than the more familiar square grid, was the
perfect way to depict the creatures of land, sea, and sky inextricably
locked in their mutual existence. Such a grid forms rings of concentric
hexagons with lines radiating in six different directions from its center
and is even suggestive of the polar grid of latitude and longitude which
maps our globe.

The development from formlessness to a flat geometric framework
to plastic, interlocked forms to live creatures which escape to freedom
seen in Verbum occurs in other prints: Development II (page 291), Butter-
flies (page 302), and Liberation (page 95). Escher also used this dynamic
process to provide transition from one picture thought to another in his
long Metamorphosis prints of 1939-1940 and 1968.

The mystery of dimension Although Escher’s first two prints using reg-
ular division of the plane (Metamorphosis I and Development I) each con-
tain a metamorphosis from flat to spatial, in the third print Day and Night
this metamorphosis of dimension is especially startling. Here the scene
of flat squares of Dutch farmland is familiar and believable, and the
formations of geese flying across the sky is also familiar and believable.
Only when the viewer realizes that the flat patches of earth have meta-
morphosed into “live,” flying geese is the impossibility of the scene (as
well as the subtlety of Escher) apparent.

Escher was fascinated with the perception of space and dimension;
through his prints, he wished to jolt viewers into questioning the “real-
ity”” of their perceptions. In a lecture “Het onmogelijke’” (“The Impossi-
ble”) in 1963, he spoke of the mystery of space and his motive for delib-
erately creating impossible mixings of two and three dimensions in his
prints.

We do not know space. We do not see it, we do not hear it, we do not
feel it. We are standing in the middle of it, we ourselves are part of it, but



we know nothing about it. I can measure the distance between that tree
and myself, but when I say, “three meters,” that number reveals nothing
of the mystery. I see only boundaries, markings; I do not see space itself.
The prickling on my skin caused by the wind blowing about my head is
not space; when I feel an object with my hands, it is not the spatial object
itself. Space remains inscrutable, a miracle.

So the reality around us should already be unexplainable and mysteri-
ous enough! But no, we are not satisfied with it and persist in playing with
stories and images in order to escape it. . . .

Whoever wants to portray something that does not exist has to obey
certain rules. Those rules are more or less the same as for the teller of fairy
tales: he must produce contrasts; he must cause a shock. . . .

Day and Night. February 1938. Woodcut
in black and gray, printed from two
blocks, 391 x 677 mm (cat. 303).




262 CHAPTER 4

Metamorphosis Il (continued)

The element of mystery to which he wants to call attention must be
surrounded and veiled by perfectly ordinary everyday occurences that are
recognizable to everyone. That environment, which is true to nature and
acceptable to every superficial observer, is indispensable for causing the
desired shock. . . .

Profundity is not at all necessary, but a kind of humor and self-mock-
ery is a must, at least for the person who makes the representations.

In each of his prints that weave part of a regular division drawing
into a composite scene of “real” objects or views, Escher follows the
rules outlined in his lecture. In these works, metamorphosis is a means
to join those ““acceptable” individual parts of a composition to create an
impossible whole. His print Cycle (page 290), which shows a fragment of
drawing 21, is another early example; here a “live” running figure dis-
solves into a flat patch in a paving, which in turn changes shape and
becomes a part of what appears to be stacked cubes. However, percep-
tion of this formation is ambiguous; these parts of the three-dimensional
configuration may also be interpreted as diamonds in the flat pavement
on the terrace of the building from which the running figure emerges.
Here, Escher’s visual metaphor does not show the cycle, but suggests it,
and the viewer must put together the pieces of his puzzle. Other prints
which mix “reality” and fantasy and point to the ambiguities in percep-
tion of space and dimension are Magic Mirror (page 301), Encounter (page
300), and Reptiles (page 113).

The dynamic tension between figure and ground In Sky and Water I as
well as Sky and Water II (page 291) Escher uses metamorphosis to turn
figure into ground and in so doing creates a powerful metaphor for the
inseparability of life from the life-supporting elements, air and water. At
the center of each print is a fragment of a flat regular division of the
plane (drawing 22 and drawing 24); here the motifs define each other
and have equal individual existence. But then moving upward, the dark
birds gain life and fly away and the fish forms dissolve into sky, while
moving downward, the white fish sink into the depths and swim and
the bird forms melt into the dark water.

In creating interlocking motifs with a single contour line defining
adjacent figures and contrasting colors providing individual definition,
Escher entered the domain of perception of figure and ground. He called
his regular division drawings “backgroundless,” asserting that each
motif was an object, that there was no ground. In 1953, he corresponded
with an ophthalmologist, J]. W. Wagenaar, about the differences in their
respective views on the subject of the equivalence of black-and-white



motifs in a plane filling. In referring to the regular division in the center
of the print Sky and Water I Escher wrote, “I consider the boundary
between, for example, a white fish and a black bird as a contour line
with a double function so to speak, defining the form of both fish and
bird at the same time: on the left side of this line is a fish, on the right a
bird; both are equal and at the same time object. The background is
reduced to zero, to an ideal line.” Wagenaar explained that from the
theory of perception, this was impossible; in his reply, Escher agreed
with the doctor’s critique.

In Regelmatige vlakverdeling, Escher addressed at length the subject
of perception of figure and ground, both in the text and in graphic
plates. With Wagenaar’s permission, he quoted from the ophthalmolo-
gist’s 1953 letter:

In my opinion you [Escher] do not in fact create pictures without a
background. They are compositions in which background and figure
change functions alternately; there is a constant competition between
them and it is actually not even possible to go on seeing one of the ele-
ments as figure for very long. Irresistibly the elements initially functioning
as background present themselves cyclically as figure. Just as, for exam-
ple, someone who holds a red glass in front of one eye and a green glass in
front of the other does not see the world as either red or green but con-

Sky and Water 1. June 1938. Woodcut,
435 X 439 mm (cat. 306)
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stantly changes from one to the other and back again (as least if both eyes
have equal strength and one is not distinctly dominant!), so in your com-
positions there is no visual static balance but a dynamic balance, in which,
however, there is a relationship between figure and ground at every stage.
A static balance is possible only if one sees the whole configuration as a
pattern, and thus frees oneself from the notions of “bird” and “fish.”

In Regelmatige vlakverdeling, four of Escher’s six plates are visual les-
sons in the art of perception of a single shape first as figure, then as an
equal part of a counterchange pattern, and then as ground. (See plates
I1, 1II, 1V, and V, on pages 288, 302, and 310). The transformation is
made with a minimum of actual change in the figures; most of the trans-
formation takes place in the mind of the viewer as the print is scanned. It
is achieved by two devices: the addition (or deletion) of a bit of internal
detail to the silhouetted figures, and the gradual separation of figures
from a tightly packed formation of flat congruent shapes to individual
figures against a blank background. Escher describes these plates as
having three stages: the beginning and end stages are opposites (like a
positive and a negative image) of each other; one has a white object on a
black ground and the other has a black object on a white ground. The
middle stage between the first and last stages is the real, pure division of
the plane in which both elements are equivalent.

In his essay he also points out that the transition of motifs from
figure to ground is an important device in linking episodes in the long
Metamorphosis prints; he illustrates this technique by referring to one
panel in which insects are transformed into birds (see pages 259 and
260). At first the black insect silhouettes approach one another. At the
point where they touch, their white background has become fish-
shaped. By interchanging figure and ground, white fish are subse-
quently swimming against a black background. The fish thus function
more or less as catalysts. Their form changes hardly at all, but their
position with respect to one another does change; their ‘battle array’ is
modified. When they are reunited, their interspaces appear to have be-
come bird-shaped.”

Dynamic balance of opposites The titles of many of Escher’s prints re-
veal his fascination with contrasts, opposing forces and duality. The
prints are visual metaphors for their titles. He found that his regular
divisions with two interlocked motifs possessed a “dynamic balance
among the motifs themselves,” which provided a unique way to give
expression to these ideas. He wrote in Regelmatige vlakverdeling,

This most fascinating aspect of the division of the plane . . . has led to
the creation of many prints. Here the representation of all kinds of oppo-
sites comes to the fore. Isn't it obvious for one to arrive at a subject such as
Day and Night as a result of the double function possessed by both the
white and the black motifs? It is night when the white, as object, stands
out against the black as a background; day when the black figures are set
off against the white as ground. Likewise, the idea of a duality such as Sky
and Water can be manifested as an image by taking as a point of departure a
plane filling of birds and fish: the birds are water with respect to the fish,



and the fish are air with regard to the birds. Even heaven and hell may be
symbolized in a similar fashion by an interplay of angels and devils.

(See Circle Limit 1V, page 296 and the carved sphere with angels and
devils, page 244.)

In each of the prints referred to by Escher, its duality is achieved
through the double function of each of the motifs. At one place in the
composition, one motif assumes the role of figure while the other is
ground, and at another place in the print, the roles of the motifs are
reversed.

The dynamic tension between figure and ground when each motif
can assume either role (as Wagenaar explained to Escher) is most dra-
matically depicted in the print Sun and Moon. Based on Escher’s drawing
71, this print is literally two scenes in one; only the viewer, through
directed observation, can sort them out. There is no metamorphosis of
images here; the scene of light colored birds against a deep blue starry
night sky must be blinked away and the eyes refocused in order to see
the second (simultaneous) scene of dark birds against a brilliant gold
sun. If one tries to see the composition as a whole, only a flat pattern of
birds is evident; neither background, that of sun or of moon, is seen as a
backdrop for a lively flock of birds.
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from four blocks, 251
(cat. 357).

Sun and Moon. April 1948. Woodcut in
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Escher's decorative use of regular division of the plane

The most traditional use of regular division of the plane is as decorative,
or applied, art. Something in the human spirit craves embellishment of
the buildings and instruments of daily life; every culture in every era has
left its stamp though its decorative art. Escher was moved by the decora-
tive art he found in palaces, mosques, and cathedrals; something in him
responded to the designs and spurred his quest to learn more about
regular division. He also was acquainted with the work of the Nieuwe
Kunst artists who emphasized the role of decorative art. Among these
were R. N. Roland Holst and Samuel Jessurun de Mesquita; de Mesquita
was well-known for his batik fabric designs, and Roland Holst for his
murals for buildings in Amsterdam.

In each of his 1940 articles about Escher’s work, the art critic
’s-Gravesande pointed out that Escher’s experiments with regular divi-
sion were admirably suited to practical application: to damasks, carpets,
and murals. The critic was instrumental in seeing that application real-
ized; he introduced Escher to H. T. Zwiers, one of the architects engaged
for the building of the new Leiden Town Hall. In 1940, Escher received
his first important commission for public work: he was asked to design
decorative wall panels and a clock face for the council chamber, a wall
panel for the mayor’s office, and etched glass windows for book cabinets
in the town clerk’s office in the Leiden Town Hall.

The panels were to be executed in wood intarsia, and although this
might have seemed strange to his colleagues in graphic art, Escher wel-
comed the commission. In 1941, he replied to the question “How did
you as a graphic artist come to make designs for wall decorations?”’ in an
article in De Delver with that question as its title. ““I could make do with
the following answer, ‘I did not come to it as a graphic artist.” My de-
signs for wall decorations have no point of contact with my graphic
work up to the end of 1937. They are indeed related to most of the
graphic work [ have done since that date, but they did not develop, as
was the case before 1937, from a great interest in the graphic arts as
such, for example, the woodcut technique.”

He then explains to his readers his almost life-long fascination with
regular division of the plane, his personal journey to understanding the
laws which govern such designs, and his various ways of using regular
division in graphic prints and on curved surfaces. He makes clear that
now graphic technique is used to serve as a vehicle of expression for his
ideas and subject matter rather than the other way around. His explana-
tion concludes:

I dared to make another “metamorphosis” [Metamorphosis I1] executed
in a series of woodcuts which, when printed contiguously, form a print 4
meters long. Did I thus violate the art of printmaking? I can truthfully say
that I did not make this long print roll with the primary aim of emphasiz-
ing graphic technique; rather, I used graphic technique to serve my own
special purpose. That I seized with both hands the opportunity offered to
me to design panels executed in the wood intarsia technique proves to
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what extent, as far as my present work is concerned, I feel liberated from
the graphic arts simply for the sake of graphic arts. Of the designs I cre-
ated, the one reproduced here [design for panel with fish] is that in which
I was given the greatest degree of freedom by the people who commis-
sioned the work and consequently in this work I could most truly bear
witness to my interest in the regular division of the plane.

The design referred to by Escher in his interview is one of a pair that
are mirror images of each other. The panels, based on drawing 32, show
arched fish leaping rhythmically, and provide a playful note in the for-
mal paneled meeting room for the mayor and alderman. Escher’s
sketchbooks show he originally intended each row of fish to perform a
U-turn at the panel’s edge to swim in the opposite direction in the next
row. Although this idea was either vetoed or abandoned for the final
execution of the panels, he later carried it out successfully in a hand-
printed design of fish on fabric.

In contrast with the fish panels, regular division appears only in
brief fragments in Escher’s two other intarsia panels in the Leiden Stad-
huis. The large wall clock shows a design with birds. Here small silhou-
ettes are tightly packed to encircle the clock face; the birds at the outer
edge of this dense formation are those in Escher’s drawing 23. But this
regular division is broken as birds, growing in size and detail, burst from
the regular formation to fly outward to two opposite corners of the
panel, or home in to the flock from the two other directions. The design
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Design drawing for intarsia wood

panels with fish for Leiden Stadhuis

July 1940. Watercolor and gouache
548 X 665 mm, scale 1:2
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Intarsia panel with clock, conference
room for the mayor and aldermen in
the raadzaal (council hall), Leiden
Stadhuis, 1940. Elm root veneer, teak
veneer, and maple, 115 x 151 cm.

suggests two ideas simultaneously: rays bursting from the sun, which
constantly marks time, and the universal epigram “time flies.”

Escher’s birds in the clock panel also appear in the large intarsia
panel which is a focal point on one wall in the mayor’s office. Their flight
path leads the viewer through the intricately detailed picture which de-
picts the growth of the city of Leiden. At two points, flight paths cross,
and birds traveling in each of the four directions briefly interlock. Here
the figures not only lose their freedom, but appear unnaturally distorted
in order to fill roughly the same contour, but face in four different direc-
tions. (See drawing A2 and its notes.)

Escher’s purely geometric design for glass panes for book cabinet
doors (shown in drawing A3) overlaid two layers of evenly spaced paral-
lelograms, with each layer in a different orientation. The designs were
etched (perhaps sandblasted) in the glass, and the layering of the shapes
created a complex textured symmetric design from just one simple
shape. Escher was also commissioned to design a large intarsia panel for
the Leiden Town Hall which was never executed. As with his other large
panel, a stream of motifs (this time fish and birds) leads the viewer’s eye
through the work, and where the paths of the motifs cross, fish and
birds interlock as in drawing 34.

The 1940 commission led to several others over the years; public
buildings in several cities in Holland contain Escher’s unique designs
executed in a variety of imaginative techniques. Several of these were
described earlier: tiled columns at two schools, a painted column at a
provincial ministry, murals in a funeral building, and the monumental
mural at the post office in The Hague. In addition to these, Escher made
designs for the facades of two buildings: a porcelain tile tableau of birds
and fish commissioned for a private house in Amsterdam (based on
drawing 82), and a design of prancing Pegasus executed in concrete tiles
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Intarsia panel, mayor’s office in the
raadzaal (council hall), Leiden Stadhuis,
1940. Satinwood root veneer and light
wood species, 112 x 266 cm.
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Detail of design drawing for intarsia
wood panel for Leiden Stadhuis
(unexecuted), 1940. Watercolor and
gouache, 502 X 1298 mm
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Design drawing for ceiling for
Demonstration Laboratory, Philips
Company, Eindhoven, 1951. Pencil,
watercolor, india ink

for a school in The Hague (based on drawing 105). In 1954 he made three
designs for cabinet doors for an office in a postal building in Amsterdam;
they were executed in wood intarsia in pairs, image and mirror image,
for six cabinets (drawings 84, 92 and 93).

Escher also designed two unique ceilings: one in 1951 for the Philips
Company in Eindhoven and one in 1962 for the office of the Secretary-
General of the Dutch Ministry of Agriculture and Fisheries in The
Hagtie. The second one was painted on a large panel of stretched vellum
and shows birds and fish (see notes on drawing 110). The Demonstra-
tion Laboratory for the Philips Company was an exhibit center housed in
their original 1891 factory building to show modern lighting engineer-
ing; Escher’s ceiling was its showpiece. In it, four creatures of the air
interlock (drawing 81), separate, and repeat while growing smaller. The
hung ceiling was made of large square wooden panels painted battle-
ship gray, with the outlines of the motifs cut out of the panels and
colored lucite with the interior details of bat, bee, bird and butterfly
inserted. (The faint outline of these square panels can be seen in
Escher’s design drawing for the ceiling.) The panels were back-lit so that
the flying forms glowed in the dark ceiling.
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Escher found many other decorative uses for his designs. In Decem-
ber 1942, he returned to the technique of his very first regular division
prints and hand-printed a decorative design of lizards on fabric. Based
on drawing 56, the printed lizards fill out a large circle of turquoise satin
and thus emphasize the rotational symmetry of the design.

While Escher worked on ideas for the Leiden Town Hall commission
he also developed his periodic design with fish that became drawing 20
and made concept-sketches for a print based on this design. He could
now move away from his earlier static wallpaper style of decorative de-
sign and allow his motifs both movement and freedom. After 1940, per-
haps in 1942, he made a print of the fish on white silk, using four colors.
The swirl of fish, packed pinwheel-like at the center of the print, has a
rotating rhythm and also a liveliness as the fish seem to spin out of their
tight formation.

Escher designed another decorative print of fish in 1943 and hand-
printed it in several different versions on silk. He envisioned this design
as two colored ribbons weaving continuously, one the warp and one the
woof. In the print, the ribbons take on life as streams of two different
fish. One printed design glows with gold and black fish on red silk; in

Hand-printed design of reptiles on
satin, December 1942. Gold and black
on turquoise, diameter 690 mm.

Fish, woodcut printed on textile, Hand-printed design of fish on silk,
c. 1942. Green, blue, red, and black, 1943. Gold and black on red,
420 x 420 mm. 450 x 450 mm.
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[Devils, vignette]. 1950. Wood engraving,
97 x 59 mm (cat. 370).

other versions, the colors of goldfish and green ray fish on ivory silk are
nearer to those in Escher’s related folio drawing. (See notes on drawing
9.

Two unusual decorative fabric designs were commissioned. A tap-
estry design for the weavers de Cneudt in Baarn in 1949 shows a vertical
metamorphosis, a “cyclic’”” version of Sky and Water. At the base, ducks
rise from the water’s surface, then close their formation to define fish;
the fish separate and swim free, only to come together to define birds;
finally, the birds separate and fly in the air (see notes on drawing 29).
Escher’s designs for damask table cloths, napkins, and finger towels for
the van Dissel company of Eindhoven in 1954 show carefully matched
rows of graceful fish and seahorses (see notes on drawings 88 and 89).

In addition to making complex prints which gave visual expression
to many of his ideas, Escher also created many small woodcut vignettes
for decorative purposes—greeting cards, exhibition invitations, and the
like. Some were commissioned; many he made for his own use. A few
show a small symmetric portion of a pure regular division design, but
most show motifs modified to fit the frame of a print or freed from their
frozen position in the related periodic drawing. Compare, for example,
Escher’s design with devils for an exhibition invitation card in 1950 with
his related drawing 62 made in 1944. Several vignettes show in minia-
ture his mastery of metamorphosis and the interchange of motifs from
figure to ground. Chapter 5 contains illustrations of all that are based on
regular division.

Escher designed two book covers in 1959: one for his own book
Grafiek en tekeningen (page 276), and the other for a series of high school
mathematics texts published by ]J. B. Wolters, Groningen. Generations
of Dutch students used one or more of the 14 books in the “van Thijns”
series with this distinctive cover; the last of the series went out of print
in 1970. Escher’s design for the textbook cover is based on a regular
division with two birds, yet he never executed a numbered drawing
with this design. Although the white bird appears among the 12 that
make up the repeating block in drawing 71, the black bird is not in that
drawing, and no other two birds in that drawing have a similar shared
contour line that relates them in the same manner.

In addition to his commissions for decorative art in government
buildings, Escher was also commissioned by the postal service and
De Nederlandsche Bank (The Bank of The Netherlands) to design their
official ““currencies”’—postal stamps and bank notes. One of his postal
stamp designs made to commemorate the seventy-fifth anniversary of
the World Postal Union in 1949 shows a symmetric arrangement of inter-
twined postal horns encircling the globe. The design uses elements of
his regular division with entwined circles seen in his abstract motif note-
book, and also shows the postal horns symmetrically arranged around
the globe, according to the rotation symmetry of a cube.

From 1950 to 1953, Escher spent a great deal of time on a commis-
sion to design bank notes for De Nederlandsche Bank, to be printed by
the engravers J. Enschedé and Sons. He carefully researched the histori-
cal figures to be portrayed: Simon Stevin (1548-1620), Christiaan Huy-
gens (1629-1695), and Antoni van Leeuwenhoek (1632-1723). But he
also experimented at length with various designs for the background
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VAN THIJNS
WISKUNDIGE LEERGANG

NIEUW LEERBOEK
DER ALGEBRA I

J.B.WOLTERS GRONINGEN.

and watermark of the banknotes. Some background designs were based
on periodic drawings with birds or fish, others were geometric, still
others were line designs and moiré designs. His dual purpose was to
present a pleasing graphic design and to achieve an intricacy that would
make counterfeiting almost impossible. For these reasons, he proposed
a variety of backgrounds and also introduced slight asymmetries into
the regular division designs through shifting, overlapping, or metamor-
phosis. Although he revised his proposed designs many times in re-
sponse to the critiques of the bank directors and the engravers, ulti-
mately the bank notes were never printed. Several of Escher’s
preliminary sketches for the banknotes are reproduced in Chapter 3
(drawings A4-A10). The book Het Nederlandse bankbiljet en zijn vormgev-
ing (The Netherlands’ Bank Note and Its Design), by Dr. ]J. Bolten, which
contains extensive discussion of the 1950-1953 competition for bank
note designs, includes illustrations of Escher’s work and the text of his
explanations of his designs. Photos of some of the bank note designs can
also be found in The Magic Mirror of M. C. Escher, by Bruno Ernst.
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Book cover with Escher’s design for the
van Thijn’s mathematics series, J. B.
Wolters, Groningen, 1959. Printed
paper book cover, 236 X 155 mm.

Two postage stamps designed for th
75th anniversary of the World Posta
Union, 1949. Photogravure, brown
cent) and blue (20 cent).



In all the commissioned work for others, Escher insisted on doing
the work himself whenever possible. For printing his own graphic work,
and even for his correspondence and record-keeping, he refused to hire
any helpers. Only his lithography was entrusted to a skilled lithogra-
pher of the “old school.” Escher printed his wood blocks with extreme
care, in the traditional Japanese way: carefully rubbing the paper against
the inked block with a little bone spoon.

Escher’s exacting standards were the cause of much frustration and
negotiation with those who were necessarily involved in the manufac-
ture of materials or final execution of his commissioned works. Colors
had to be exactly the right shade; there had to be a precise balance of
contrast. The realities of the fading of desired colors or of the impossibil-
ity of technical demands sometimes meant compromise, but usually
Escher held out for his precise requirements. He painted the column
with the metamorphosis design in Haarlem and the murals in Utrecht
himself, but his health did not permit him to paint the vellum ceiling in
The Hague nor the mural in the post office in The Hague. He was
pleased with the care taken by painters of these designs. He was quite
displeased, however, with the imprecise tiling of the three columns in
the school in The Hague and tried without success to have them redone
with proper precision. The bank note commission may have been the
most trying of all: over a three year period he tried to balance his vision
and ideas for the bank notes with the demands of a committee which
held its own firm ideas concerning appropriate content and presenta-
tion. In his book, Bolten notes, “If one had been a bit less timid regard-
ing what Escher’s work contained that seemed somewhat unusual to
people in those years between 1950 and 1960, then The Netherlands
would be enriched with a number of interesting and intelligently con-
ceived bank notes.” [p. 169]

The use of Escher’s work on regular division by others

Escher’s prints, born from a desire to give visual expression to his
thoughts, seemed to take on a life of their own and speak to others in
ways he could never have imagined. His drawings and graphic works
became visual metaphors for their theories and served as lessons to illus-
trate concepts that he never in his wildest dreams conceived. In his
essay “Escher: Science and Fiction,” C. H. A. Broos gives an excellent
overview of the variety of interpretations and uses that others have
made of Escher’s work. As Broos noted, the most frequently used and
most widely interpreted of Escher’s works are drawing 67 for Horseman
and the prints Sky and Water, Day and Night, and Verbum.

The earliest and still most common use of Escher’s periodic draw-
ings by others is to provide interesting and challenging examples of
regular division of the plane. The numbered drawings are viewed by
others as paradigms of plane color symmetry, to be studied and used by
generations of students and their teachers. The regularity of his tilings
(which classifies them as tile-transitive, or isohedral) makes them espe-



cially appropriate as illustrations in teaching plane symmetry and, in
particular, in showing how to analyze and create periodic designs by
using the geometric transformations of translation, rotation, reflection,
and glide-reflection.

His brother Beer was the first teacher of crystallography to see
Escher’s unique drawings and realize their potential as illustrations in
teaching symmetry; he hoped to write a book on regular plane filling
and have Escher do the illustrations. Unfortunately, the project never
materialized. In 1959, Escher invited P. Terpstra, director of the Crystal-
lographic Institute in Groningen, to write a short essay for Grafiek en
tekeningen to explain the mathematical basis of symmetry in periodic
drawings. The essay “lets over de wiskundige achtergrond van regel-
matige vlakverdelingen” (“Some Mathematical Background of Regular
Division of the Plane”), appeared at the front of the book. It was written
from the viewpoint of symmetry groups, and Escher privately expressed
his opinion that it was too technical. Even though Escher tried to per-
suade the British and American publishers of translations of the book to
keep the essay, it was issued as a separate pamphlet by Oldbourne
(London), and completely excised by the American publishers. (The en-
larged 1966 edition of Grafick en tekeningen omits Terpstra’s essay; Escher
notes MacGillavry’s book published the previous year.)

When crystallographers began to investigate two-color and multi-
color symmetry they were especially struck by Escher’s portrayal of their
idea of color-changing symmetries. Terpstra’s essay for Grafick en tekenin-
gen reveals his difficulty with the idea of symmetries changing colors. In
his analysis of Escher’s drawing 67 of horsemen, after identifying the
glide-reflection symmetries of that pattern, he writes “’It should be noted
here that in our analysis we have neglected the difference between
white and black [the colors of the reproduction of the drawing]. It is self
evident that white cannot be converted to black by a mathematical re-
flection. In the strictly mathematical sense, therefore, our plate has no
glide reflection[s]. . . .”

When the crystallographer A. V. Shubnikov received a copy of
Grafiek en tekeningen as a gift from Terpstra in early 1960, his response to
the reproductions of Escher’s work was enthusiastic. Shubnikov and his
students were a major force in making black-white symmetry (antisym-
metry) an integral part of the crystallographic analysis of periodic pat-
terns. Rather than explain away the color-reversing symmetries in
Escher’s patterns, he seized them for his theory. Shubnikov’s message
to Terpstra was in turn transmitted to Escher: “Escher’s pictures are for
me particularly interesting because they display the best possible illus-
tration of the theory of ‘antisymmetry.” The illustration on the cover
shows, for example, the existence of antisymmetry axes of the second
order in the given 2-dimensional symmetry group.”

The enthusiasm for Escher’s work by crystallographers and mathe-
maticians was evident in increased correspondence, visits by several
individuals to his Baarn studio throughout the 1960s, exhibits and in-
vited lectures at major international congresses, and the 1965 publica-
tion of Symmetry Aspects of M. C. Escher’s Periodic Drawings. This book, a
collaboration between Escher and MacGillavry, was a late realization of
the kind of project that had been proposed by Beer in 1948. By now, the

ULAR



276 CHAPTER 4

Escher’s book Grafiek en tekeningen with
his cover design, J. J. Tijl, Zwolle, 1960
(first printing November 1959).
Screened fabric cover; book size

26 X 26 cm.

GRAFIEK EN TEKENINGEN

M. C.ESCHER

added element of color was part of the crystallographer’s symmetry
analysis of Escher’s drawings, and his work, through this publication,
took on added scientific significance.

After the publication of Escher’s book in 1960 and MacGillavry’s in
1965, Escher continually received requests for permission to use his
drawings as illustrations in books and articles about symmetry. Mathe-
maticians, chemists, physicists, crystallographers, and others all wanted
to use these drawings to teach about symmetry for the reason given by
MacGillavry in the introduction to her book: “These patterns are compli-
cated enough to illustrate clearly the basic concepts of translation and
other symmetry, which are so often obscured in the clumsy arrays of
little circles, pretending to be atoms, drawn on blackboards. . . .”
Escher gladly gave permission for the use of his work in this way and
never charged a fee for its reproduction in noncommercial educational
publications. Several publications which use Escher’s work in this way
are listed in the bibliography.

The truth of the well-worn saying "“A picture is worth a thousand
words”” was demonstrated over and over as others saw in Escher’s work
an eloquent and succinct expression of abstract scientific concepts, com-
plicated processes in nature, human relations, and interaction with the
environment. We have selected several different areas to illustrate some
of the visual messages that Escher’s work conveys.
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Crystallography In his article “Teaching Symmetry,” L. Glasser uses
Escher’s drawing 43, which has 3-fold rotational symmetry but contains
flowers with 5-fold symmetry, to draw an analogy: “it is a common
occurrence that full molecular symmetry is not utilized in the packing in
the crystal.” He sees in the print Development I (page 30) a demonstration
of a “point defect, such as an impurity atom (or cluster of atoms)” in a
crystal; the print illustrates how “the disturbance of the defect spreads
beyond its immediate boundaries, its influence decreasing with distance
from the defect center.” Drawing 80 is described as “‘a representation of
interdiffusion of two kinds of particles crystallizing in similar ways with
similar lattice dimensions. The center portion also represents a mixed
crystal.” Finally, he sees the print Sky and Water as "a description of
epitaxial growth of one kind of crystal on another of an entirely different
kind.”

Physics In 1957, the horsemen of Escher’s drawing 67 marched end-
lessly around the cover of the slim book Elementary Particles: A Short
History of Some Discoveries in Atomic Physics, by the Nobel-prize-winning
physist C. N. Yang. For him, this drawing was the perfect illustration of
a new kind of antisymmetry in atomic physics: an operation that would
""combine the operation of switching matter and antimatter with a mirror
reflection.” He noted that in the drawing, “’the picture is not identical to
its mirror image. But if one switches the white and black colors of the
mirror image [the colors in the reproduction of the picture], then iden-
tity is restored.”

Another physist, J. H. de Boer, found in the two Sky and Water
prints the visualization of a fundamental question in the structure of
matter. In the book Reactivity of Solids, he discusses the mechanism of
many reactions of solids at the atomic level and notes “The question
which of the two, atoms or vacancies, is the most important in crystals,
is well-demonstrated by the Dutch artist M. C. Escher.”

Biology Escher’s periodic drawings and metamorphosis prints provide
analogies for morphogenesis and close packing observed in molecular
biology. In his essay “‘Symmetry in Protein Structure and Function,”
E. P. Whitehead notes, “Symmetry and close fitting of the animals . . .
constrained M. Escher in the design of the individual units. The artist is
not free in such a system to create just the design he might like. In the
same way, . . . the combined constraints of symmetry and close packing
in a protein oligomer do not allow the ligand binding site to have the
exact shape the ligand molecule would ideally like to fit into. Another
point, the animals in many of Escher’s designs cannot do anything that
involves changing the shape of their outline. . . . fwithout] breaking up
the whole structure. So will a ligand if it binds to a symmetrical protein;
the oligomers will fly apart, disassociate. . . .”

Mathematics In his essay “The Mathematical Implications of Escher’s
Prints,” H. S. M. Coxeter gives G. H. Hardy’s memorable definition of
“real mathematics”: it has “a very high degree of unexpectedness, com-
bined with inevitability and economy.” This definition describes Escher’s
work equally well; indeed, hardly a print that Escher made after 1937
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can be seen as not having mathematical implications. D. J. Lewis, in his
introduction to his abstract algebra text, sees another analogy of Escher’s
work with mathematics. ““Although symmetry plays a dominant role in
much of Mr. Escher’s art and the eye quickly adjusts to expect certain
patterns to continue, one is often surprised and pleased by the discovery
that everything is not symmetrical: there can be symmetry in the large
but not in the small and vice versa. Similarly in mathematics one often
encounters certain patterns that suggest formalizing a mathematical sys-
tem, only to discover on further examination that some really striking
results are not covered by the system. . . . Like Mr. Escher’s prints, the
most beautiful results often entail a systematic approach combined with
some ingenious ad hoc argument.”

The rich mathematical content of Escher’s prints is amply demon-
strated by Coxeter in his essay as he discusses the variety of mathemati-
cal objects depicted and geometric transformations used by Escher in his
graphic works. In his book The Magic Mirror of M. C. Escher, B. Ernst
gives the mathematical details of Escher’s intricate planning that pre-
ceded the execution of several prints. E. Maor celebrates Escher’s work
in To Infinity and Beyond: “It is Escher’s ability to portray abstract mathe-
matical ideas in terms of concrete, recognizable objects that is perhaps
his greatest genius.” Many of Escher’s visual metaphors concern funda-
mental abstract mathematical concepts—symmetry, infinity, dimen-
sion, duality, topological transformation, convexity, reflection, surfaces,
“impossible objects,” self-reference, self-similarity—and that is perhaps
why his images captivate so many mathematicians.

Mathematicians also find Escher’s periodic drawings a rich source
for new inquiry. Several articles in the collection M. C. Escher: Art and
Science (which was the outgrowth of an international congress on Escher
held in Rome in 1985) show how Escher’s drawings pose mathematical
questions for which no answers are yet known. In his article “Mathe-
matical Challenges in Escher’s Geometry,”” B. Griinbaum notes that the
bird motif in drawing 127 is almost symmetric (and is easily made per-
fectly symmetric), yet the tiling has no reflection symmetry, and no
other tiling by this symmetric motif will have reflection symmetry. He
asks the natural question: what other such “hypersymmetric” tiles exist?
Escher’s drawings and even more so, his “layman’s theory”” provide
collective evidence of many unexplored questions about plane tilings
and beg mathematicians to examine their ingrained assumptions about
the methods of analysis and creation of colored plane tilings.

Escher’s colored drawings can be used to give visual expression to
abstract concepts of group theory; the groups are the color symmetry
groups of the drawings. M. Senechal’s 1988 article “The Algebraic
Escher” gives an excellent outline of how, by “reading” the drawings,
one can literally “/see” the meaning of the following concepts: generators
of a group, noncommutative composition of group elements, sub-
groups, conjugate subgroups, cosets, permutation representations and
group extensions.

Evolution Escher’s print Verbuni (page 259) appears at the end of the essay
’Chemical Evolution,”” which was the 1961 Cordon lecture by the Nobel-
prize-winning chemist Melvin Calvin. He concludes, ““When life is mea-
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sured in terms of the fraction of the total number of atoms involved in
living processes, it is not very large. However, the effects of life are more
far-reaching. The surface of the earth has been completely transformed
by the evolution of living matter, and it is being changed even more by
one of the more recent forms of this living matter—man.” He then refers
to Escher’s print, noting that it “struck me as representing, in artistic
form, the essence of what I had been thinking about the nature of evolu-
tion and living processes. . . . . The gradual merging of the figures, one
to another, and the transformations which eventually became apparent,
seem to me to represent the essence not only of life but of the whole
universe.”

Vision/perception In his correspondence with Escher, ]. W. Wagenaar
explained the impossibility of seeing both object and ground simultane-
ously and the inability to simultaneously interpret each with equal im-
portance. He examined the practical implications of this phenomenon in
1952 in an article “The Importance of the Relationship ‘Figure and
Ground’ in Fast Traffic,” using Escher’s prints Sky and Water and Day and
Night as illustrations. ““Generally an object-sensation has as a ‘figure’ a
certain pregnance in relation to the ‘ground,” whereby the image in our
consciousness possesses a certain stability. . . . At that point where the
‘figure” and ‘ground’ reach a certain geometric equilibrium, the psycho-
logical equilibrium is lost, i.e., the certainty of our orientation disap-
pears through a cycle change of the ‘Gestalten’ in the subjective visual
field.” Drawing attention to the center interlocking portions of Escher’s
two prints, he notes, “’Although viewed aesthetically a striking rhythmic
equilibrium is reached, one sees . . . a continuous competition, as soon
as we no longer give our attention to the elegant game of black and
white, the physiological contrast, but to the image of bird and fish, the
psychological contrast. Through this a situation of confusion and uncer-
tainty arises.” He then uses this analysis to explain why automobile
drivers may be disoriented in fast traffic, especially at dusk, when “there
is a contest between positive and negative ‘road-image’ through de-
crease of day contrast on the one hand . . . and heightening effect of
headlights on the other. The ‘figure and ground’-relation loses signifi-
cance—the certainty of one’s orientation diminishes.”

Group analytic psychotherapy In 1968, M. L. J. (Jane) Abercrombie pre-
sented several of Escher’s prints as visual analogues of the group pro-
cess in a slide lecture. One analogy applies to many of Escher’s prints:
“The group situation is one of people sitting within four walls, but the
walls only arbitrarily delimit it from other situations extending far be-
yond. The shadows of the world outside also belong to it. The members
come together for a brief time; something new has happened, like, but
also not like, many other events. The thoughts they express, each ac-
cording to his own kind, soon lose their discreteness and dissolve in the
common experience.” Later she interprets three prints, beginning with
Sky and Water: “These designs picture the closely interlocking relation-
ships which are established in a group, and the way the participants
draw apart, reestablish their own contours, and become individuals
again as they leave it.” In Metanorphosis 11, ’a simple pattern of black and
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white gives rise to a continuous series of changing figures which arise
from each other by association of ideas, just as in discussion in a group,
ideas take form, become more complicated and then more simple again,
evolving others in an everlasting series of transformations.”” The litho-
graph Liberation "seems to illustrate how in the very process of trans-
forming, clarifying identifying and emancipating, the group disappears,
for the aim of group analytic psychotherapy is to make the group redun-
dant.”

Art/illusion In “How to Read a Painting,” published in The Saturday
Evening Post in 1961, E. H. Gombrich introduces Escher as “a contempo-
rary artist whose prints are meditations on image reading.” Beginning
with Day and Night, Gombrich reproduces and carefully examines three
of Escher’s prints: “It is indeed doubtful how much the critics would
approve of his ingenious exercises in applied geometry and psychology.
But to the explorer of the prose of representation, his nightmarish co-
nundrums are invaluable.” The imperceptible switch from figure to
ground that is demanded as the viewer “reads” Day and Night is easily
discovered, but “it is impossible to keep both readings stable in one’s
mind. The day reading drives out the night from the middle of the sheet,
the night reading turns the black birds of the same area into neutral
ground. Which forms we isolate for identification depends on where we
arrive from.”

Other prints by Escher reinforce his point: “Their complexity is far
from whimsical. It reveals the hidden complexity of all picture read-
ing. . ... We . . . believe that we take in the picture more or less at one
glance and recognize the motif. Our experience with Escher’s contradic-
tions shows that this view is mistaken. . . . . Reading a picture is a
piecemeal affair that starts with random shots and gradually adjusts to
the coherence of the work. . . . . There is a clear limit to the visual
information we can process through any given glance.”

Logic/artificial intelligence In 1980, an improbable tome was a best-
seller and winner of the Pulitzer prize for nonfiction. In his book Gadel,
Escher, Bach: An Eternal Golden Braid, Douglas Hofstadter used the work
of that unlikely trio—logician, artist, and musician—to explain and il-
lustrate several concepts in artificial intelligence. The book, in emulating
Escher’s work, weaves the fantasy of Alice in Wonderland dialogues
through the exposition on the roles and rules of logical strings. Thirty-
six of Escher’s prints and drawings are reproduced to provide analogies
for Hofstadter's many demonstrations of the logic and “thought” of
computer “intelligence.”

One central concept is what Hofstadter calls a “strange loop”’; this
“phenomenon occurs whenever, by moving upwards (or downwards)
through the levels of some hierarchical system, we unexpectedly find
ourselves right back where we started. . . . . To my mind, the most
beautiful and powerful visual realizations of this notion of Strange
Loops exist in the work of the Dutch graphic artist M. C. Escher. . . . .”
[p- 10] “Implicit in the concept of Strange Loops is the concept of infin-
ity, since what else is a loop but a way of representing an endless pro-
cess in a finite way? . . . Several such patterns can be seen in Escher’s
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famous print Metamorphosis. It is a little like the ‘Endlessly Rising Canon’
[of Bach]: wandering further and further from its starting point, it sud-
denly is back.” [p. 15]

Later the author discusses figure-ground recognition in new con-
text: ““A cursively drawable figure is one whose ground is merely an acci-
dental by-product of the drawing act. A recursive figure is one whose
ground can be seen as a figure in its own right . . . the figure is ‘twice
cursive’”” [p. 67]; he offers Escher’s drawing 71 as a masterly example.

When the characters Achilles and the tortoise find themselves
trapped in Escher’s print Reptiles (page 113), they escape by simply noting
that “the little lizards have learned to climb UP when they want to get
out of the two-dimensional sketchbook world.” [p. 125] The print Fish
and Scales is used to illustrate the central idea of recursion: “Escher took
the idea of an object’s parts being copies of the object itself. . . . . "
[p. 146] Drawing 117 of crabs is entitled “Crab Canon” by Hofstadter,
and it serves simultaneously as an illustration of that musical form and a
visual play on words. He notes (through the tortoise) “I fully appreciate
the beauty and ingenuity with which he [Escher] made one single theme
mesh with itself going both backwards and forwards.” [p. 199]

Decorative illustration/design The most pervasive use of Escher’s work
has been to provide attractive and provocative designs to embellish
otherwise ordinary products: book jackets, occasional illustrations in
texts, calendars, engagement books, printed and woven fabrics, posters,
record jackets, gift wrap, tee shirts, and the like. These uses have been
both authorized and unauthorized, sometimes tasteful and often appall-
ing, frameable reproductions and trashy kitsch. Texts from every scien-
tific discipline and in almost every country have (usually with permis-
sion) reproduced Escher’s work primarily for decorative purposes, to
enliven covers and brighten interiors of chapters heavy with theory and
formulas. In the late sixties, the American hippies made Escher (unwill-
ingly and without permission) their own; they freely interpreted his
work in garish fluorescent-color posters. His work was wildly popular
with college students, and reproductions of his prints (both pirated and
authorized) were ubiquitous on campuses throughout the United States.
During the last years of Escher’s life, much time and effort was spent by
the Escher Foundation trying to stem the tide of unauthorized use of
Escher’s work.

Reproductions of Escher’s work inspired others to create their own.
In the last ten years of his life, Escher received several samples of origi-
nal tilings created by teachers and students; these were often sent as
holiday greetings. Although the designs paled in comparison to his, he
always sent gracious acknowledgments to the senders, happy that his
work had awakened others’ interest in regular division of the plane. At
least one professor of design, W. S. Huff, found inspiration in Escher’s
continuous deformations of interlocked motifs in his metamorphosis
works, and explored various possibilities for these with his students.
Some of this work is reported in the article, “Parquet Deformations:
Patterns of Tiles That Shift Gradually in One Dimension” by Douglas
Hofstadter.

Escher’s work has also provided ideas for commercial application,
especially in the fields of graphic art and design. For example, Jonathan
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Ecuadoran rug, 1989. Hand-woven
wool and synthetic fibers, approx.
100 x 70 cm.

Seals Two, Jonathan Talbot, 1973.
Original lithograph, 292 x 228 mm.
(© 1973 Jonathan Talbot)

Talbot, an American graphic artist, used several of Escher’s devices to
turn colorful pennants into performing seals in his design for a circus
poster. lllustrators and designers have found Escher’s prints a source of
ideas for cartoons, magazine covers, posters, and advertisements.

Fabric designs, both printed and woven, have been based on Es-
cher’s work; one design which is based on his print Sky and Water and
which he approved, is a batik print on cotton. The fabric is still in pro-
duction and has been used to make a variety of items, including cloth-
ing, pillows, and tote bags. Since the early 1970s, rugs handwoven by
Ecuadoran Indians have often shown interpretations of Escher’s draw-
ing 96 of swans; they can be purchased in tiny villages in Ecuador as well
as through the fund-raising catalogs of philanthropic organizations. The
“traditional South American Indian design” (a catalog description) was
evidently introduced to the Indian weavers by a Peace Corps worker
who was an Escher fan.

Escher’s designs have been used to cover continuously the surface
of several polyhedra, including “kaleidocycles” in which a closed ring of
linked tetrahedra can be turned endlessly through a central hole. When
the author discovered these forms in collaboration with graphic designer
Wallace Walker in 1974, their continuous surface decoration was a natu-
ral next step; at that time the author was unaware of Escher’s own exper-
iments in surface decoration of polyhedra with his periodic designs.

The wide variety of uses of Escher’s work by others attests to his
genius in capturing ideas in images. His struggles to realize his visions
graphically have been mirrored by others” struggles as they grope for
words which can only inadequately express their ideas. His images pro-
vide a resource for the creative illustration of their thoughts and an
inspiration for their own attempts at visual expression.
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Notes on the drawings

This chapter contains further details on Escher’s periodic drawings re-
produced in Chapter 3. He never gave titles to these drawings but num-
bered them consecutively as he rendered them in his folio notebooks.
For each drawing, we give its Escher number and a description of its
motif(s) [in brackets]. In addition to the information that Escher re-
corded on each drawing (place where drawn, date, Escher classification
according to his “layman’s system” in his 1941-1942 notebook), these
notes include media used, dimensions, symmetry group, previous pub-
lication, graphic works and other executions that use the drawing, and
additional comments.

Dimensions. Two dimensions are given for each drawing: the dimen-
sions of the actual drawing (image size) and the overall size of the sheet
on which the drawing is made (sheet size). Dimensions are given in
millimeters, with height preceding width.

Symmetry Group. Almost all Escher’s drawings in Chapter 3 are of peri-
odic tilings of the plane, and for each of these, we note its plane symme-
try group (also called its two-dimensional crystallographic group) with a
symbol. The notation used is the short form of the standard notation
adopted by the International Union of Crystallography. Explanation of
the notation and cross-reference tables with other notations (mostly
used before 1950) can be found in the article “The Plane Symmetry
Groups: Their Recognition and Notation,” by the author.

Escher often introduced details into his drawings which reduce the
overall symmetry of the design; in these cases, one must decide whether
or not to classify according to symmetry ““in the large.”” Our assignment
of a symmetry group to the design is in accordance with Escher’s classifi-
cation, which in every case is according to the contour of the motif and
ignores the artistic license taken with interior details on the motifs. Our
comments on each drawing indicate when such details (such as the
placement of eyes and mouth) change the symmetry of the design, or
even create a design with two distinct (noncongruent) motifs. More de-
tailed symmetry classifications, including some which classify the color
symmetry group of a drawing, can be found in Tables 1-3 in the Con-
cordance, pages 328-334.

Previous Publications. About one-half of Escher’s periodic drawings have
been previously published in books about Escher’s work that were (and
are) widely available to the public, beginning with Escher’s 1960 book
Grafiek en tekeningen. Prior to that, a few of the drawings were published
in articles about his work. The 1983 catalog “M. C. Escher’s Universe
of Mind Play,” for an exhibit in four Japanese cities, reproduces 88 of
Escher’s periodic drawings from the Michael S. Sachs collection and
the 1986 museum publication “M. C. Escher (1898-1972): Regular Divi-
sions of the Plane at the Haags Gemeentemuseum”” reproduces all 41 of
Escher’s periodic drawings in their collection.



NOTES

For each drawing, we list only early articles (usually prior to 1960) as
well as the books devoted to Escher's work in which the drawing has
appeared. The following abbreviations for book titles (based on their
titles in English) are used:

Graphic Work: Grafick en tekeningen (The Graphic Work of M. C. Escher,
1960)

Periodic Drawings: Symmetry Aspects of M. C. Escher’s Periodic Drawings,
1965

World: De werelden van M. C. Escher (The World of M. C.
Escher, 1971)

Magic Mirror: De toverspiegel van M. C. Escher (The Magic Mirror of
M. C. Escher, 1976)

Life and Work: Leven en werk van M. C. Escher (M. C. Escher, His Life
and Complete Graphic Work, 1982)

Art and Science: M. C. Escher: Art and Science, 1986

Escher on Escher: Het oneindige: M. C. Escher over eigen werk (Escher on

Escher: Exploring the Infinite, 1989)

Graphic Work and Other Related Work. For each drawing, all graphic
works which use the design are identified and other known works in
which the design appears are described. The illustrations in this section,
together with those in earlier chapters, provide a photo documentation
of the various uses that Escher made of his periodic drawings. There are
several excellent books listed in our bibliography which provide large
reproductions and additional information on Escher’s graphic work, as
well as photos of several of Escher’s other executions which use his
regular divisions of the plane. The most recent and most complete is
M. C. Escher, His Life and Complete Graphic Work. This book contains the
definitive catalog of Escher’s graphic work compiled by F. H. Bool cur-
rently used for reference purposes in all collections. To assist in identifi-
cation of each graphic work illustrated here, the Bool catalog number is
given in addition to the title and date.

The Index to Periodic Drawings and Related Work on page 346 may
be used to locate illustrations and additional information in the text
about Escher’s numbered drawings and work related to them. The Index
to Graphic Works on page 348 may be used to locate illustrations of
graphic works that appear in previous chapters.

ON

THE

DRAWINGS
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ESCHER NO. 1 [DOGLIKE “LION"]

Drawn at Rome, 1926-1927

India ink, pencil, watercolor

335 x 247 mm (image);

359 x 270 mm (sheet)

Escher system 1I*-I11%;

Symmetry group p2

Published in World (plate 22) and in
Magic Mirror.

Related work: Hand-printed designs on
silk using two individual blocks. Gold
and silver ink on black satin (page 11)
and gold and silver ink on red satin,
707 x 1013 mm (fabric).

On the drawing, Escher refers to drawings

5, 6, 7, 8, and 11, which are all the same

type as this. In this first attempt at inter-

locked repeated motifs, Escher was disap-
pointed with the crudeness of the animal
and the fact that half the motifs were un-
naturally upside down. The two prints on
fabric show experiments with coloring the
design in a systematic manner. The draw-
ing as well as the print on black are per-
fectly colored in three colors while the print
on red is not. In fact, on the latter, motifs of
the same color are adjacent; this violates

Escher’s coloring rule that he formulated

later.

See notes, no. 1

ESCHER NO. 2 [LION]

Drawn at Rome, 1926-1927

Pencil, ink, watercolor

248 x 330 mm (image);

270 x 352 mm (sheet)

Escher system VHI“-VII®;

Symmetry group pgg

Published in World (plate 23).

Related work: Hand-printed designs on
silk using four individual blocks. Red,
gold, and dark blue on ivory silk (page
11) and black, gold, and silver on
turquoise satin, 746 X 982 mm (fabric).

On the drawing, Escher refers to drawing
16, which is the same system. The lion
motif in drawing 2 (which was made in
1937) is different from that in the earlier
prints on fabric: now hind paws are sole to
sole, and the mouth is closed (see Table 3,
page 330). Although the drawing is per-
fectly colored in three colors, each of the
fabric prints uses four colors, counting the
color of the fabric. The print on turquoise
uses black only for motifs at the border but,
even in the interior, is not perfectly col-
ored. The print on ivory is perfectly col-
ored.

ESCHER NO. 3 [WEIGHTLIFTER]
Drawn at Chateau-d'Oex, October 1936
Pencil, watercolor
331 x 243 mm (image);
357 x 272 mm (sheet)
Escher system 1XP-X'";

Symmetry group pdg
Published in World (plate 93) and Life and

Work, p. 54.
Escher notes that this weightlifter design
had as its source a majolica tiling from the
Alhambra, (see his sketch on page 17). His
preliminary drawing on tracing paper
(page 18) shows clearly how the designs are
related; there he superimposes centers of
rotation and axes of reflection of both de-
signs. Escher notes on the polished folio
drawing that the motif is symmetrical; axes
of reflection alternate on the diagonals of
the squares of his underlying grid. He uses
a systematic arrangement of three colors
that is compatible with all symmetries of
the design except its 4-fold rotations. Al-
though drawing 3 is not perfectly colored,
an earlier study shows a perfect coloring
with four colors (page 102).

See notes, no. 2.

ESCHER NO. 4 [CHINESE BOY]

Drawn at Chateau-d’Oex, October 1936

India ink, pencil, watercolor

331 x 243 mm (image);

358 x 270 mm (sheet)

Escher triangle system 1 A; type 1%;
Symmetry group p31m

Published in World (plate 98) and in Art
and Science

Related graphic work: Metamorphsis I,
May 1937 (cat. 298).

Escher’s sketchbooks show that he devel-

oped this design from a geometric tiling

etched in stucco in the Alhambra, (see his

sketch on page 17). The motif of three ar-

rows meeting like a tripod may have sug-

gested to him the pointed hat and stiffly

spread arms and legs of the paperdoll-like

figure.

See notes, no. 4

ESCHER NO. 5 [STRONGMAN]
Drawn at Ukkel, Winter 1937-1938
Pencil, ink, watercolor
333 x 243 mm (image);
360 x 270 mm (sheet)
Escher system HA-1114;

Symmetry group p2
On the drawing, Escher refers to drawings
numbered 1, 6, 7, 8, and 11, which, like
this, have motifs related to adjoining ones
by half-turns or translations. All six draw-
ings are examples of his system IA-II%,
shown at the center of the right column on
his notebook page 4 (page 62). The outline
of each motif (in this case, a single strong-
man) can be divided into six pieces; the di-
viding points are the places where three
motifs meet. Two pieces of the outline are
exactly the same and match by a translation



(in drawing 5, these pieces delineate the
strongman'’s head, part of his left arm and,
simultaneously, most of his left leg), while
the four other pieces are centrosymmetric
and match themselves by a half-turn about
their center points. This is one example of a
tile which satisfies the “Conway Criterion”
(it is Heesch type TCCTCC); details on such
tiles can be found in the article “Will It Tile?
Try the Conway Criterion!” by the author.

ESCHER NO. 6 [CAMEL]
Drawn at Ukkel, Winter 1937-1938
Pencil, ink, watercolor
333 x 243 mm (image);
360 x 270 mm (sheet)
Escher system II*-111%;

Symmetry group p2
On the drawing, Escher refers to drawings
numbered 1, 5, 7, 8, and 11, which are all
the same type. (Our comments on drawing
5 about the outline of the motif and its rela-
tion to adjacent motifs also apply to this
drawing.) Escher’s note that this example is
closer to his system IlI* is likely a mistake
in recording; his underlying grid of paral-
lelograms with marked half-turn centers is
his system 11",

ESCHER NO. 7 [SQUIRREL]
Drawn at Chateau-d’'Oex, October 1936
Pencil, watercolor
332 x 243 mm (image);
358 % 270 mm (sheet)
Escher system 11*-111%;

Symmetry group p2
Published in World (plate 92).
On the drawing, Escher refers to drawings
numbered 1, 5, 6, 8, and 11, which are all
the same type. (Our comments on drawing
5 about the outline of the motif and its rela-
tion to adjacent motifs also apply to this
drawing.) He also notes this design is close
to his system II*; the underlying parallelo-
gram grid with circled half-turn centers cor-
responds to that for his system II*.

ESCHER NO. 8 [HORSE]
Drawn at Ukkel, Winter 1937-1938
Pencil, watercolor
343 x 243 mm (image);
360 x 270 mm (sheet)
Escher system II*-1I1%;

Symmetry group p2

NOTES

On the drawing, Escher refers to drawings
numbered 1, 5, 6, 7, and 11, which are all
the same type. (Our comments on drawing
5 about the outline of the motif and its rela-
tion to adjacent motifs also apply to this
drawing.) He notes (with an exclamation
point) that this design is close to his system
1I4; that underlying grid of parallelograms
with circled half-turn centers is lightly visi-
ble. Escher never used these six related
drawings in any finished work, and his
remarks in his notebook (page 77) about the
choice of motif for regular divisions with
rotation symmetry suggests why: an up-
side-down horse is absurd from any view-
point.

ESCHER NO. 9 [BIRD]

Drawn at Ukkel, Winter 1937-1938
Pencil, ink, watercolor

343 x 243 mm (image);

360 x 270 mm (sheet)

Escher system III*; Symmetry group p2
This is Escher’s first periodic drawing using
only two colors; here every bird is related to
an adjacent one of a different color by a
half-turn. The outline of each bird is made
up of four graceful S-shaped curves, their
centers marked by small circles. The design
was never executed (birds do not fly upside
down), but his later motif of a sea horse
(drawing 88), also outlined by four
centrosymmetric curves, was used in a de-
sign for table linen.

ESCHER NO. 10 [FISH]
Drawn at Ukkel, Winter 1937-1938
India ink, pencil, watercolor
332 x 243 mm (image);
359 x 270 mm (sheet)
Escher system VIIS-VI®;

Symmetry group pgg
The cameo holding two nestled fish which
half-turn into each other can pack the wavy
horizontal rows facing either left or right.
Escher’s early sketches show the cameos all
facing in one direction, a design with just
half-turn symmetry (see lower diagram). In
the final folio drawing, he chose to alter-
nate the direction in which the cameos face
from row to row and thus added glide-
reflection symmetry to the design. De-
pending on the packing of the cameos, the
outline of the motif can be classified in two
different ways (see Table 1 in the Concord-
ance, under pgg and p2).
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ESCHER NO. 11 [SEA HORSE]
Drawn at Ukkel, Winter 1937-1938
Pencil, ink, watercolor
333 x 243 mm (image);
360 x 270 mm (sheet)
Escher system II*-111;

Symmetry group p2
On the drawing, Escher refers to drawings
numbered 1, 5, 6, 7, and 8, which are all the
same type. (Our comments on drawing 5
about the outline of the motif and its rela-
tion to adjacent motifs also apply to this
drawing.) Here, he succeeds in finding a
motif for which upside down is a natural
position in which to be viewed. About fif-
teen years later, he revised the motif (draw-
ing 88) so that it could be executed in a two-
color design for table linen.

ESCHER NO. 12 {BUTTERFLY]

Drawn at Ukkel, Winter 1937-1938.
Pencil, ink, watercolor

333 x 244 mm (image);

360 x 270 mm (sheet)

Escher system IX""; Symmetry group p4g

See notes, no. 10.
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See notes, no. 12.

Related work: Design for bank-note
background, June 1951. Rendered in
India ink, with motif called a bee by
Escher (unexecuted), 103 % 123 mm
(image), 112 X 139 mm (sheet).

A copybook sketch reveals how Escher

“saw”’ butterflies in a Moorish pattern

based on circular arcs. He clipped out a

small lune-shaped piece from the convex

edges and added it to the concave edges

See notes, no. 12
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II, Regelmatige viakverdeling, see notes, no. 13.

(see diagram). He also found (probably
after seeing Haag's paper) that a grid of
pentagons could serve as a geometric
source for this same design (page 106). Al-
though in silhouette the butterfly pattern
retains all the symmetries of its Islamic
source, internal detail on the motifs de-
stroys the pattern’s global symmetry.
While each butterfly has mirror symmetry,
overlapping wings destroy the reflection
symmetry of the pattern and the wing
markings of dots destroy all rotation sym-
metry. The wing dots are placed systemati-
cally, however, following the diagonals of
the underlying square grid. In the design
for bank-note background (above) Escher
transforms the butterfly into a bee by heav-
ily veining the wings.

ESCHER NO. 13 [DRAGONFLY]
Drawn at Ukkel, Winter 1937-1938
India ink, pencil, watercolor

332 x 243 mm (image);

x 269 mm (sheet)

359

Escher system IX"; Symmetry group p4g

Related graphic work: Plate 1I, Regelmatige
vlakverdeling, June 1957. Woodcut in
red, 240 x 180 mm (cat. 417).

Other related work: Design for tablecloth
for van Dissel, c. 1953 (unexecuted).

Design for bank-note background,

June 1951 (unexecuted).

Escher’s sketchbook shows this dragonfly

design had as its source the Moorish tessel-

See notes, no. 13.



lation which he exhibits as vignette C in the
same plate from Regelmatige vlakverdeling
that shows a panel with the dragonflies.
The penciled square at the center of the
drawing contains exactly one blue and one
white dragonfly (in pieces); Escher may
have sketched it to identify a single square
that could fill out this design using only
translations and half-turns. In his design
for bank-note background (not shown), the
outline of the motif (see sketch) differs
slightly from that in the numbered drawing
and shows the veining of the insect’s
wings, which is reminiscent of his 1936
print Dragonfly (cat. 281).

ESCHER NO. 14 [LIZARD]
Drawn at Ukkel, November 1937
India ink, pencil, watercolor
333 X 243 mm (image);
359 x 270 mm (sheet)
Escher system IXP-XF;

Symmetry group p4
This lizard as well as the two-color version
in drawing 15 were Escher’s first reptile
motifs in a plane filling. On this drawing,
Escher refers to drawings 3 and 20, which
are the same type, and notes this design is
closer to his system IX®, for which the cor-
responding square grid is shown. Escher’s
coloring uses the minimal three colors, fol-
lowing his notebook diagram for this sys-
tem (page 68); since this coloring is not
compatible with the 4-fold rotations of the
tiling, the design is not perfectly colored.

ESCHER NO. 15 [LIZARD]

Drawn at Ukkel, original November 1937,
improved April 1963

Ink, watercolor

330 x 245 mm (image);

360 x 270 mm (sheet)

Escher system IX”; Symmetry group p4

Published in Periodic Drawings (plate 24)
and Art and Science.

Related graphic work: Development I,
November 1937 (cat. 300).

Metamorphosis II and III, 1939-1940

and 1967-1968 (cat. 320 and 446).

A small change in the outline of the motif in

drawing 14 transforms that lizard to this

one. Escher shrinks the boundary where

two lizard knees meet and creates a design

which can be colored with only two colors.

Development 1, his first graphic work to ex-

hibit his mastery of the underlying geome-

try of regular division of the plane, was

NOTES

sent with a warm note of appreciation to
Polya. In Metamorphosis 11, these lizards are
the first creatures to appear in the picture
story; they evolve out of checkerboard
squares in a manner similar to that seen in
Development 1. The original drawing 15 was
enhanced and recolored in 1963 for publica-
tion in Periodic Drawings.

ESCHER NO. 16 [GREYHOUND]
Drawn at Ukkel, beginning 1938
Pencil, ink, watercolor
333 X 243 mm (image);
360 x 270 mm (sheet)
Escher system VII®-VIIS;

Symmetry group pgg
On this drawing, Escher refers to drawing
2, which is an example of the same transi-
tional system. The outline of this grey-
hound is the same isohedral type as the
lion motif which occurs in Escher’s fabric
print of c. 1926 (page 11), but is not the
same type as the lion in drawing 2 (see
Table 3 in the Concordance, page 330).
However, this drawing and drawing 2 are
colored in the same manner and have the
same color symmetry group.

ESCHER NO. 17 [EAGLE]
Drawn at Ukkel, beginning 1938
Pencil, watercolor
333 x 242 mm (image);
360 x 270 mm (sheet)
Escher system V<-IVP,

Symmetry group pg
This design was the first that Escher made
having only glide-reflection and translation
symmetry. It took repeated efforts to bring
it to life, beginning with Pélya’s illustration
labeled D gg (see page 23). Details can be
found in an article by the author [1987]. The
idea for the motif may have come from an
earlier work: in 1922, Escher made a sign-
board and a woodcut vignette of an eagle
for a welfare organization (cat. 92).

ESCHER NO. 18 [TWO BIRDS]

Drawn at Ukkel, February 1938

India ink, pencil, watercolor

228 % 243 mm (image);

358 x 268 mm (sheet)

Escher system I*-1*; Symmetry group pl

Published in Periodic Drawings (plate 28),
World (plate 101), Magic Mirror and
Escher on Escher. Published on the cover
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SCIENTIFIC
AMERICAN
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MATICAL Mos e 127 N2

Al 196/

See notes, no. 18.

of Scientific American, April 1961, with
several colors added to the dark birds
by the publisher.
Related graphic work: Day and Night,
February 1938 (cat. 303).
On this drawing, Escher refers to drawings
22, 29, and 30, all patterns of two inter-
locked motifs created by splitting an irregu-
lar hexagon having three pairs of parallel
sides with a curve that joins a pair of oppo-
site vertices (type 1°-I* on page 22 of his
notebook). The dark birds and light birds
fly in opposite directions, and appear to be
mirror images of each other, related by a
glide-reflection. They are not, however!
Even the editor of Scientific American was
fooled by its apparent symmetry. In a letter
to the editor, April 7, 1961, Escher wrote,
“In the cover description on page 4 it is said
that the spaces between the coloured birds
are filled with white birds of the identical
shape. That isn’t true, for two reasons.
First: as they fly in the opposite direction, a
superficial spectator could conclude that
they are mirror-reflections of the coloured
birds. In that case they would be ‘similar’
but not ‘identical.” Secondly they are not
even similar; they are ‘different’!: e.g. the
coloured bird-tails go ‘up,” the white ones
‘down.””"

Escher's woodcut Day and Night in
which a fragment of this drawing appears
is without doubt the most popular print he
ever made. When making 40 new impres-
sions in 1969 he wrote to Gerd Amnzt that
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he had already produced almost 600 prints
of it in the thirty years since he carved the
blocks.

ESCHER NO. 19 [BIRD]

Drawn at Ukkel, February 1938

Pencil, watercolor

230 X 245 mm (image);

360 x 270 mm (sheet)

Escher system IV®; Symmetry group pg
This design has true glide-reflection sym-
metry which is falsely apparent in drawing
18. Escher’s superimposed rhombus grid
corresponds to his system IV the almost
triangular shape of the birds and their ar-
rangement corresponds to a familiar tiling
of the plane by isosceles triangles.

ESCHER NO. 20 [FISH]
Drawn at Ukkel, March 1938
India ink, pencil, watercolor, gold paint
229 x 243 mm (image);
358 x 268 mm (sheet)
Escher system IXP-X*;
Symmetry group p4
Published in Periodic Dawings (plate 37),
Art and Science, and Escher on Escher.
Related work: Woodcut in four colors on
silk, ca. 1942. Surface design for carved
beechwood sphere with 12 identical
fish, 1940.
On this drawing, Escher refers to earlier
drawings 14 and 3, also of his system IX"-
X, He notes that this design, like those,
may be executed in a minimum of three col-
ors, but chooses to use four in an arrange-
ment compatible with all of the symmetries
of the design. His print on fabric empha-
sizes its 4-fold color symmetry and shows
each quadrant of the square a different
color. G. Shephard [1986, 1988] exhibits
several perfect colorings of the design, in-
cluding Escher’s. Escher derived this fish
design from a geometric pattern; an early
rough sketch in a copybook (page 45) gives
the hint of a single fish with the placement
of one eye and modification for the mouth.
In October, 1938, he sketched the fish pat-
tern in drawing 20 with an accompanying
couplet for a friend:
Hengelaars-droom
Zoo vol van visschen is de vliet,

Dat men het water niet meer ziet.
(Angler’s dream

The brook is so full of fish

One can no longer see the water.)

ESCHER NO. 21 [IMP]

Drawn at Ukkel, May 1938

Pencil, ink, watercolor

332 x 242 mm (image);

358 x 270 mm (sheet)

Escher triangle system I A; type [;
Symmetry group p3

Published in World (plate 103), Magic
Mirror, Art and Science, and Escher on
Escher.

Related graphic work: Cycle, May 1938.
Lithograph, 475 x 279 mm (cat. 305).

It is quite likely that Escher derived this

design of a running figure from the geo-

metric tiling labeled C; found in Pélya’s

1924 article (see page 25). Escher’s litho-

graph Cycle is his first print to explicitly

suggest a cycle of repetition. In the print

the pattern of rhombus shapes is inter-

preted both as a flat terrace paving and

as a three-dimensional stacking of boxes.

Escher’s transition from this geometric pat-

tern to the running figure is similar to that

in Metamorphosis I, made six months earlier.

Cycle; see notes, no. 21.

ESCHER NO. 22 [BIRD/FISH]

Drawn at Ukkel, June 1938

India ink, colored pencil, watercolor

228 x 243 mm (image);

358 x 270 mm (sheet)

Escher system 1°-1%; Symmetry group pl

Published in World (plate 105), Art and
Science, and Escher on Escher.

Related graphic work: Sky and Water 1,
June 1938 (cat. 306).

This drawing was made after drawing 23,

whose impression can be seen in the paper

(both are dated June 1938). Escher relates

this drawing to numbers 18, 29, and 30; all

are derived by splitting a single motif (see

comments on drawing 18). This is his first

pair of interlocked motifs to suggest con-

trasting (yet interdependent) worlds. The

graceful forms and the perfect balance of

Sky and Water I may account for its wide

appeal and interpretation. The idea for the

print may have come from an earlier work:

in 1926, Escher depicted sky and water to-

gether with their inhabitants in a “split

screen” woodcut, The Fifth Day of Creation

(cat. 108).

ESCHER NO. 23 [BIRD]
Drawn at Ukkel, June 1938
Pencil, ink, watercolor
228 x 244 mm (image);
360 x 270 mm (sheet)
Escher system 1X";
Symmetry group p4
Related work: Intarsia panel for clock for
the conference room of the mayor and
aldermen in the raadzaal (council hall),
Leiden Stadhuis (Leiden Town Hall),
1940.
On this drawing, Escher refers to drawing
15, where lizards squirming in 4-fold rota-
tion in a tightly packed mass seems natural.
In contrast, these birds rotate unnaturally
about pivot points on head and tail. In the
clock panel (page 268), Escher encircles the
clock face with just a single layer of these
tightly packed motifs. From this mass the
flock explodes with action—birds homing
in and flying out. The single square out-
lined in pencil at the center of the drawing
contains one white and one orange bird (in
pieces) and can generate the design with
only translations and half-turns. It may
have been used to lay out the inner ring of
birds on the clock face.



ESCHER NO. 24 [FISH/BIRD]
Drawn at Ukkel, November 1938
Pencil, ink, watercolor
228 x 244 mm (image);
360 % 270 mm (sheet)
Escher system V¢ variant 2;
Symmetry group pg
Related graphic work: Sky and Water II,
December 1938. Woodcut, 623 x
407 mm (cat. 308).
This is Escher’s first design with two motifs
in two colors in which each motif occurs in
two different aspects. Although all birds
are blue and all fish white, adjacent birds
face in opposite directions, and adjacent
fish likewise. The woodcut Sky and Water 11
amplifies the lively action of the motifs
which dive and fly toward the four corners
of a rectangle. Its composition exhibits a
perfect, yet dynamic, balance in compari-
son with the serene static balance of Sky and
Water 1.

Sky and Water II, see notes, no. 24.

ESCHER NO. 25 [LIZARD]

Drawn at Ukkel, January 1939

India ink, pencil, watercolor

245 x 245 mm (image);

359 x 268 mm (sheet)

Escher triangle system I A, type [;
Symmetry group p3

Published in 1941 in an article by Escher
in De delver, Periodic Drawings (plate
38), World (colorplate II and plate 119),

NOTE:®

Development II, see notes, no. 25.

Magic Mirror, Art and Science, and
Escher on Escher.

Related graphic work: Development II,
February 1939 (cat. 310 and 310A).
Woodcut in brown, gray-green, and
black, printed from three blocks, 455 x
455 mm.

Metamorphosis I and 111, 1939-1940

and 1967-1968 (cat. 320 and 446).

Reptiles, March 1943 (cat. 327).

Escher chose this drawing to be the first to

appear in an article on his work on regular

division of the plane and featured it in its

“natural state” in the lithograph Reptiles.

Apparently he added the regular hexagons

in pencil on drawing 25 after the drawing

was made, likely as he planned Developnient

II or the panel of Metamorphosis II in which

these lizards metamorphose into packed

regular hexagons (page 259). In Metamor-
phosis I, these lizards provide a transition
from squares to hexagons; they first link
with the lizards in drawing 15 and then
evolve into a honeycomb. An irregular hex-
agon is formed by joining the points on the
boundary of a single lizard where three
lizards meet; it is the type described in

Escher’s theorem in his abstract motif note-

book (page 90).

Development Il is Escher’s first attempt
at a “smaller and smaller” regular division
of the plane. It can be viewed as a spiral
print, but more easily seen as concentric
rings of diminishing radius, each ring
packed with 24 adjoined hexagons colored
cyclically with three colors. The hexagons
metamorphose into lizards as the rings in-
crease outward; the square frame of the
print captures the largest lizards at its cor-
ners. An earlier version of this woodcut
(cat. 310A) shows 5-fold symmetry; Escher
only carved one block and never printed it.
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ESCHER NO. 26 [BIRD/BUG]
Drawn at Ukkel, November 1938
Pencil, watercolor
245 x 245 mm (image);
360 x 270 mm (sheet)
Escher system V¢ variant 2;

Symmetry group pg
On this drawing, Escher refers to drawing
24, which is the same system and was
made in the same month. In the other
drawing the shape and position of the mo-
tifs strongly suggest a design for a graphic
work, but this regular division with bird
and bug does not readily lend itself to
graphic interpretation.

ESCHER NO. 27 [INSECT/FISH]
Drawn at Ukkel, March 1939
Pencil, watercolor
245 x 245 mm (image);
360 x 270 mm (sheet)
Escher system IP-1%; Symmetry group pl
Related graphic work: Metamorphosis II
and 111, 1939-1940 and 1967-1968 (cat.
320 and 446).
Here insect and fish, traveling in opposite
directions, face each other. Escher fre-
quently used two interlocked contrasting
figures for figure-ground reversal and met-
amorphosis in his serial picture stories. In
Metamorphosis II the figures of drawing 27
provide an intermediate stage in the transi-
tion from insect to bird (see drawing 29 and
pages 259-260). The shapes of the motifs
and the way in which they pack are closely
related to those in drawings 120 and 121
and also in the lower portion of Escher’s
1949 design for the tapestry made by the
weavers de Cneudt.

ESCHER NO. 28 [THREE BIRDS]
Drawn at Ukkel, November 1938
Pencil, watercolor
245 x 245 mm (image);
360 x 270 mm (sheet)
Escher system I-I;
Symmetry group pl
Related graphic work: Metamorphosis I
and 111, 1939-1940 and 1967-1968 (cat.
320 and 446).
This is Escher’s first regular division of the
plane with three different motifs. It was
created to solve a specific problem in Meta-
morphosis II: how to make a transition from
flying birds (in a parallelogram grid) to
stacked cubes (in a hexagonal grid). Escher
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notes he began with a tiling by congruent
rhombuses in which three fill out a regular
hexagon; he then modified each rhombus
to a bird shape. The three different birds
occupy the same area as one hexagon and
can fill the plane by translations. Birds of a
single type all face the same way and are
regularly spaced, so the desired left-to-
right transition in the print is smoothly ac-
complished. In both Metamorphosis II' and
I, Escher used four individual blocks to
hand-print the little birds that fly between
the black birds of drawing 29 as they home
into position in the flock of drawing 28 (see
page 261).

ESCHER NO. 29 [BIRD/FISH]
Drawn at Ukkel, December 1939
Pencil, watercolor
245 x 245 mm (image);
360 x 270 mm (sheet)
Escher system 1*-1%;
Symmetry group pl
Related graphic work: Metamorphosis I
and 111, 1939-1940 and 1967-1968 (cat.
320 and 446).
On this drawing, Escher refers to drawings
18, 22, and 30; all are two-motif designs of
type I*-I1*. In Metamorphosis 1, itis through
the shifting and gradual separation of the
fish in drawing 27 that Escher provides the
transition from that plane filling to this one.
The diagonal array of birds from this draw-
ing then fly in to become part of the flock in
drawing 28. In Metamorphosis I, these
birds emerge from a triangular grid, and
the fish shapes between them are barely
discernible (see page 261). The shapes of
motifs in drawing 29 are similar to those in
drawing 120 and those at the top of the tap-
estry designed in 1949 by Escher for the
weavers Ed. de Cneudt (wool, 3000 %
1230 mm; at the Arnhem Gemeen-
temuseum).

ESCHER NO. 30 [FISH/BOAT]

Drawn at Ukkel, March 1940

Colored pencil

245 x 245 mm (image);

360 x 270 mm (sheet)

Escher system 17-1%; Symmetry group pl
On this drawing, Escher refers to drawings
18, 22, 29, and 72; this last reference was
added many years later (when Escher did
not often note others of the same system on
his drawings), probably because the subject
matter was the same. Although drawing 30

was not executed in any finished work,
drawing 72 (as well as drawings 112 and
113) with boat/fish motifs were.

See notes, no. 29.

ESCHER NO. 31 [FISH]

Drawn at Ukkel, April 1940

Pencil, watercolor

338 x 245 mm (image);

270 % 360 mm (sheet)

Escher system V&, Symmetry group pg
On this drawing, Escher refers to drawing
32, which shows congruent fish swimming
back and forth in horizontal rows. In sil-
houette, the motifs in drawing 31 are con-
gruent and behave the same way. But
Escher adds internal detail (eye, mouth, and
gill) in one way on the left side of the draw-
ing and in another on the right; whichever
way the drawing is viewed, the fish on the
left are right side up while the fish on the
right are upside down. With internal detail
taken into account, the fish on the left and
those on the right become distinct motifs.

ESCHER NO. 32 [FISH]

Drawn at Ukkel, April 1940

Ink, watercolor

162 x 335 mm (image);

270 % 360 mm (sheet)

Escher system V¢;
Symmetry group pg

Published in Graphic Work.

Related graphic work: Fish, 1963.
Woodcut, 109 x 109 mm (cat. 442).

Other related work: Two decorative
intarsia wood panels (mirror images of
each other) for the conference room of
the mayor and aldermen in the raadzaal
(council hall), Leiden Stadhuis (Leiden
Town Hall), 1940.

Escher seized the opportunity to use regu-

lar division of the plane in his first commis-

sion for a public building, a design for dec-

orative panels. The fish in the panels are

more arched than those in drawing 32 and

appear to leap playfully. Escher’s prelimi-

nary sketch for Plate Il to exhibit glide-

reflection in Regelmatige viakverdeling shows

a design based on drawing 32. However,

his final choice was to use drawings 57 and

97 in Plates IlI and IV. His woodcut vi-

gnette Fish made in 1963, also based on this

drawing (the fish have fewer fins), is

printed from the original block in De tekens

van de dierenriem (The Signs of the Zodiac), by

Pam G. Reuter, and represents Pisces.

Fish; see notes, no. 32,

ESCHER NO. 33 [LIZARD]

Drawn at Ukkel, December 1940

Pencil, watercolor

246 x 246 mm (image);

360 x 267 mm (sheet)

Escher system VIIS; Symmetry group pgg
In addition to the rectangular grid of his
system VII¢, one can see in this drawing



the penciled tiling of triangles from draw-
ing 2 in Escher’s abstract motif notebook.
The geometric relationships in the triangle
tiling are the same as those for the tiling by
lizards. Each beaked lizard fits a triangle;
lizard and triangle have exactly the same
vertices (points where four motifs touch
each other) and half-turn centers on their
boundaries.

ESCHER NO. 34A [BIRD/FISH]

Drawn at Baarn, March 1941

Pencil, ink, watercolor

258 x 240 mm (image);

360 x 270 mm (sheet)

Escher system IVE-V variant 3;
Symmetry group pg

Related graphic work: Two Intersecting
Planes, January 1952 (cat. 377).

Other related work: Design for intarsia
panel, Leiden Stadhuis (Leiden Town
Hall), ¢. 1940 (unexecuted).

Escher made three different drawings of
this design; this one appears to be the first.
It shows some arrows which indicate alter-
ation of portions of the tile boundary—
compare the sithouette of these motifs with
those in drawings 34B or 34. Escher also
notes a different system type on drawing
34B.

ESCHER NO. 34B [BIRD/FISH]

Drawn at Baarn, March 1941

Ink, watercolor

215 X 220 mm (image);

280 x 237 mm (sheet)

Escher system IVE-VE;

Symmetry group pg

Published in Graphic Work and Periodic
Drawings (plate 32).

Related graphic work: Two Intersecting
Planes, January 1952 (cat. 377).

Other related work: Design for intarsia
panel, Leiden Stadhuis (Leiden Town
Halb), c. 1940 (unexecuted).

This is likely the second version of this de-
sign made by Escher; on it he notes “im-
proved drawing no. 34.” It was probably
redone for publication in Grafiek en tekenin-
gen. In Two Intersecting Planes, Escher pres-
ents the birds and fish of one color as a
layer cut out of a sheet of wood; the two
differently colored layers pass through
each other at an obligue angle. Either plane
of motifs can serve as figure, while the
other serves as ground.

NOTES
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Two Intersecting Planes, January 1952. Woodcut in green, brown and black, printed from three blocks,

224 x 310 mm. See notes, nos. 34A, 34B, and 34

ESCHER NO. 34 [BIRD/FISH]

Drawn at Baarn, March 1941

India ink, watercolor, pencil, gold paint

248 x 252 mm (image);

360 x 267 mm (sheet)

Escher system not given;

Symmetry group pg

Related graphic work: Two Intersecting
Planes, January 1952 (cat. 377).

Other related work: Design for intarsia
panel, Leiden Stadhuis (Leiden Town
Hall), c. 1940 (unexecuted).

This drawing is on the verso of drawing 35
and is likely Escher’s third version of draw-
ing 34A; he notes it is “improved and en-
larged. Do not reproduce!” This last com-
ment might be one of frustration if he
redrew the design for Periodic Drawings
only to find that it would not reproduce
well in black and white. That book repro-
duces drawing 34B, the same version as the
one published in Graphic Work.

ESCHER NO. 35 [LIZARD]
Drawn at Baarn, July 1941; improved
April 1963
India ink, colored pencil, opaque white
248 x 241 mm (image);
359 X 268 mm (sheet)
Escher system XY; Symmetry group p4
Published in Periodic Drawings (plate 25).
Related graphic work: [Plane-filling motif
with reptiles], 1941 (cat. 324).
Division, July 1956 (cat. 411).
Smaller and Smaller, October 1956 (cat.
413)
Plate VI, Regelmatige viakverdeling
June 1957. Woodcut in red, 240 x
180 mm (cat. 421).
Escher notes “Do reproduce this draw-
ing!”; he is likely referring to his instruc-
tion written on drawing 34, which is on
the verso of this drawing
colored with the minimum two colors; in
1963, Escher created a fou

his design is

color version of
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a similar design in drawing 118. His 1941
vignette (page 100) is his only print to show
the motifs exactly as in drawing 35. In 1956,
he created Division and folio drawing 101
which begin with this plane filling, but
from these lizards, new ones emerge
through splitting and fusing. It is not a to-
tally predictable process, but one which
presents an orderly division of the plane. In
the two Swmaller and Smaller prints, Escher
distorts the lizards to conform to an algo-
rithmic filling of a square or rectangle with
triangles. His diagram to show the under-
lying geometry of Smaller and Smaller in
Plate VI (right) displays the algorithm.

ESCHER NO. 36 [SNAKE]

Drawn at Baarn, July 1941

Pencil, watercolor

251 x 251 mm (image);

360 x 270 mm (sheet)

Escher system VI®; Symmetry group pgg
In 1941, as Escher was finalizing his “lay-
man’s theory,” he made a concentrated ef-
fort to find examples of motifs for systems
he had not yet illustrated. This drawing
was his first example of system VI”; neither
this nor any other single-motif examples of
this system were ever used in a finished
work. The sinuous snake in this drawing
shows how far from the edges of the un-
derlying rhombus grid the boundary of a
motif may stretch. In 1931, Escher depicted
an open-mouthed snake entwined around
a tree in an illustration for De vreeselijke
avonturen van Scholastica (cat. 197).

ESCHER NO. 37 [BEETLE]

Drawn at Baarn, July 1941

Colored ink, pencil, watercolor

248 x 239 mm (image);

359 x 267 mm (sheet)

Escher system 11I°; Symmetry group pimg
In his careful observation of nature, Escher
sketched small creatures, especially insects,
including beetles. This is his first beetle
motif in a periodic drawing. Here dark bee-
tles and light beetles crawl up and down in
opposite directions; adjacent dark and light
beetles can exchange places by pivoting
180° about a point where their legs touch
(marked by small circles).

VI, Regelmatige vlakverdeling; see notes, no. 35.

ESCHER NO. 38 [DRAGONFLY]
Drawn at Baarn, July 1941

Pencil, ink, watercolor

244 x 240 mm (image);

360 x 270 mm (sheet)

Escher system 1*; Symmetry group p1

This is geometrically the simplest of all pe-
riodic tilings and the very first system in
Escher’s overview chart for his theory note-
book. Motifs are made by altering two adja-
cent edges of a parallelogram and then
translating copies of the new edges to the
oppuosite sides. Perhaps because it was so
simple, Escher made no folio example of
this system [* with just one motif until his
inventory in 1941 showed it was missing.
Here the dragonfly is purposely asymmet-
ric, so the drawing has only translation
symmetry.

ESCHER NO. 39 [BUG]

Drawn at Baarn, July 1941; improved
April 1963

India ink, colored ink, colored pencil,
watercolor

247 x 240 mm (image);

359 x 266 mm (sheet)

Escher system VIII®; Symmetry group pgg

Published in Periodic Drawings (plate 22).

Escher notes on this drawing that it is a var-

iant of drawing 86. In fact, if one stretches

the rectangle into which the bug in this

drawing is squeezed so that it becomes a
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Diagram for Plate VI, (left).

square, this design is transformed into the
one in drawing 86. Drawing 39 was made
in 1941 to provide a folio example of system
VIII¢, which Escher had not yet illustrated.
It was improved for publication in Periodic
Drawings.

ESCHER NO. 40 [CRAB]

Drawn at [Baarn], July 1941

Pencil, ink, watercolor

244 x 242 mm (image);

270 x 360 mm (sheet)

Escher system 11"; Symmetry group pmg
At first glance, this drawing bears a strong
resemblance to drawing 37 of beetles, and
indeed, it has the same plane symmetry
group. A comparison of the two illustrates
how classification by plane symmetry
group alone misses important information
about the design’s construction and color-
ing. Here the crabs, like the beetles, march
up and down in opposite directions. But
the crabs actually interlock in vertical col-
umns, whereas the beetles in vertical col-
umns merely touch each other at a single
point. The crabs in vertical columns are col-
ored alternately light and dark, whereas all
the beetles in a single vertical column are
the same color. On either side, each crab is
touched (at half-turn centers) by two crabs
of the same color and two of contrasting
color, whereas each beetle is touched at
half-turn centers on its boundary by four
beetles of contrasting color. Escher redrew



this design (as drawing 117) for publication
in Periodic Drawings.

ESCHER NO. 41 [TWO FISH]

Drawn at Baarn, July 1941; improved
April 1963

Pencil, ink, watercolor

244 X 240 mm (image);

360 x 270 mm (sheet)

Escher system VI® variant 2;

Symmetry group pgg

Published in Periodic Drawings (plate 21)
and Art and Science.

Related graphic work: Fish, October 1941.
Woodcut in three tones of gray-green,
printed from three blocks, 507 x
384 mm (cat. 323).

Graceful S curves outline the two inter-
locked fish motifs in this design and the
half-turn symmetry of their wavy contours
is repeated several times on both a local
and a global scale in Escher’s woodcut Fish.
In the drawing, each species of fish occurs
in four different aspects, and Escher uses
this to create a dynamic ballet of motion in
the print. One species of fish traces out
three separate sinuous closed curves while
the second species of fish forms two
schools, one of dark fish traveling clock-
wise and the other of light fish traveling
counterclockwise, each tracing circular
paths that weave through the paths of the
other fish.

ESCHER NO. 42 [SHELLS AND

STARFISH]

Drawn at Baarn, August 1941

India ink, colored ink, colored pencil,
watercolor

244 x 239 mm (image);

359 x 268 mm (sheet)

Escher system /Vl\

VII —VIII
Symmetry group p4

Published in Periodic Drawings (plate 13)
and Art and Science.

Related work: Similar starfish and shells
(but not interlocking) decorate a tin
icosahedron box designed for the
Verblifa Co., 1963, diameter 170 mm.

Escher developed this design from a geo-

metric pattern of stars and diamond shapes

based on a square grid. Our diagram (right)
based on his copybook sketches shows
how he “saw” the shell and starfish of
drawing 42 as well as the leaves and flow-
ers of drawings 131 to 134 in the geometric
pattern. The pattern can be generated from

NOTES

Fish; see notes, no. 41.

a single square containing a few intersect-
ing lines (see diagram). By outlining each
individual star, one obtains the grid of con-
gruent pentagons that appear in the later
drawings. Escher chose a natural mul-
ticoloring for the shells and starfish but
notes the design needs a minimum of two
colors—if all starfish are light, then all
other shells can be one contrasting color.
The interior detail of the brown snail shells
must be ignored if the points where four
clam shells meet is to be a center of 4-fold
rotation for the design. Several of Escher’s
earlier prints display shells; he also chose a
clam shell and a snail for his later detailed
mezzotint made in 1949 (cat. 362). In 1952,
he entwined starfish figures in a puzzle and
also engraved them on the faces of a clear
Plexiglas stellated dodecahedron. A contin-
uous surface design for a regular dodecahe-
dron, based on drawing 42, was made by
the author [1977].

Verblifa tin. See notes, no. 42.

ON THE DRAWINGS 295

ESCHER NO. 43 [FLOWERS/LEAVES]
Drawn at Baarn, August 1941
Pencil, ink, watercolor
245 x 243 mm (image);
360 x 270 mm (sheet)
Escher triangle system II A type 2;
Symmetry group p3
Published in Periodic Drawings (plate 7).
Escher developed this design from a pat-
tern of stars and diamonds (see page 107);
drawing 1 in his abstract motif notebook
shows a similar pattern. The stars in the
design on which this drawing is based just
touch at their tips and thus enclose hexa-
gons, while the stars in the abstract motif
drawing overlap their edges and so enclose
triangles. Escher notes on drawing 43 that
it is a three-color system, but rendered
there in two colors. His development
sketch shows three interlocking “sham-
rocks” distinguished by three colors while
stars are left uncolored.

ESCHER NO. 44 [BIRD]

Drawn at Baarn, December 1941

Ink, watercolor

248 x 244 mm (image);

360 x 270 mm (sheet)

Escher triangle system | B, type 1;
Symmetry group p6

Published in Periodic Drawings (plate 27).

Related work: Design for bank-note
watermark, f 100, Christiaan Huygens,
1950 (unexecuted).

This is Escher’s first periodic drawing with

6-fold symmetry; he was particularly

pleased to discover this triangle system in

which the motifs could be colored with just

two colors. His abstract motif in triangle

system | B, type I in his theory notebook

(page 81, lower right) is suggestive of a bird

and may have led to the motif in drawing

44. The contour of Escher’s bird motif can

also be interpreted as a flying fish; he

makes this interpretation in drawing 99,

and notes drawing 44 as a cross-reference.

A A

See notes, no. 42. -
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Circle Limit 1V; see notes, no. 45.

ESCHER NO. 45 [ANGEL-DEVIL]

Drawn at Baarn, Christmas 1941

India ink, colored pencil, opaque white

245 X 239 mm (image);

359 x 270 mm (sheet)

Escher system X"';

Symmetry group pdg

Published in Periodic Drawings (plate 6),
World (plate 244), Magic Mirror, Art and
Science, and Escher on Escher.

Related graphic work: Circle Limit 1V, July
1960. Woodcut in black and ocher,
printed from two blocks, diameter
416 mm (cat. 436).

Other related work: Surface design for
carved maple sphere with 12 angel-
devil pairs, 1942.

Although this design has two distinct mo-

tifs—angel and devil—Escher classifies it

as though it was the one-motif system X" in
the overview chart in his theory notebook

(page 58). It fits this category if two allow-

ances are made: black triangles are replaced

by devils and white ones by angels and the
4-fold center where two white and two

black tnangles meet are reduced to 2-fold
centers. He remarks the motifs are sym-
metric about one diagonal of the square in
system X' (The two-motif system could
casily be obtained by splitting the single
motifs in system XY, but Escher’s notebook
does not show this.) In both his woodcut
Circle Limit 1V and on his carved sphere,
Escher emphasized the duality of the fig-
ures by alternating their roles as figure and
ground. Drawing 45 is Escher’s only regu-
lar division to be interpreted as a sur-
face filling on three different “planes”
—Euclidean, hyperbolic, and spherical;
H. S. M. Coxeter [1981] discusses all three
designs.

ESCHER NO. 46 [TWO FISH]

Drawn at Baarn, May 1942

India ink, colored pencil, watercolor

289 x 255 mm (image);

359 x 270 mm (sheet)

Escher system VII“-VIII® variant 2;
Symmetry group pgg

Escher notes the two motifs here are “ap-
parently symmetrical”’; they appear to have
mirror symmetry. The fused pair of fish
with backbones aligned is an example of
what B. Grimbaum calls a “hypersym-
metric” tile: although the tile itself has re-
flection symmetry, no plane filling by it has
reflection symmetry. Each motif in this de-
sign occurs in four different aspects but
each species of fish occurs in just one color.

ESCHER NO. 47 {TWO BIRDS]

Drawn at Baarn, July 1942

Ink, watercolor

175 x 223 mm (image);

360 x 270 mm (sheet)

Escher system 1* variant 2;
Symmetry group pl

Related graphic work: Verbum, July 1942
(cat. 326).

[Plane-filling motif with birds], April
1949. Wood engraving, 115 x 208 mm
(cat. 361 and 361A).

Other related work: Book cover design
for Regelmatige viakverdeling, 1958.

Design for wall covering, [Leiden
Stadhuis], c. 1940. Watercolor and
gouache, 700 x 700 mm (drawing);
repeat 380 x 535 mm (unexecuted).

This design of birds is one of two regular
divisions on the same folio page; both were
created for use in the complex lithograph
Verbum. Although the design has just
translation symmetry, Escher used an iso-
metric grid, in which each bird occupies
one triangle and a contrasting pair fills a
parallelogram. In Verbum, these birds pro-
vide the transition from flight against sun-
rise to flight against night sky at the top of
the print. A vignette of six of these birds,
alternating white and black around a single
point, was used on an invitation to an exhi-
bition in 1949; this hexagon-shaped block
can be printed contiguously to create a
plane filling. The cover of Regelmatige viak-
verdeling was literally wrapped with this
plane filling. Escher’s design for wallpaper
based on this drawing portrays the birds’
flight both in the day and at night—a con-
trast emphasized in Verbum as well as in his
earlier Day and Night. The flock of 12 differ-
ent birds in drawing 71 contains the two in
drawing 47. Escher’s idea for Sun and Moon
may have grown out of his executions of
drawing 47.
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Birds; see notes, no. 47.

“Birds” wallpaper; see notes, no. 47.

OTES

ESCHER NO. 48 [BIRD/FISH]
Drawn at Baarn, July 1942
Ink, watercolor
175 x 223 mm (image);
360 x 270 mm (sheet)
Escher system I variant 2;
Symmetry group pl
Related graphic work: Verbum, 1942 (cat.
326).
On the same folio page as drawing 47, this
design was created specifically for use in
the lithograph Verbum. These interlocked
motifs provide the transition from bird to
fish (air to water) at the right side of the
print.

ESCHER NO. 49 [TWO FISH]
Drawn at Baarn, July 1942
Ink, watercolor
175 X 223 mm (image);
360 x 270 mm (sheet)
Escher system I variant 2;
Symmetry group pl
Related graphic work: Verbum, 1942 (cat.
326).
On the same folio page as drawing 50, this
design was created specifically for use in
the lithograph Verbum. These interlocked
motifs provide the transition from fish in
daylit water to fish in inky depths (at the
right side of the print).

ESCHER NO. 50 [FISH/FROG]
Drawn at Baarn, July 1942
Ink, watercolor
175 x 223 mm (image);
360 x 270 mm (sheet)
Escher system I* variant 2;
Symmetry group pl
Related graphic work: Verbum, 1942 (cat.
326).
Fish and Frogs, October 1949. Wood
engraving, 81 X 71 mm (cat. 364).
On the same folio page as drawing 49, this
design was created specifically for use in
the lithograph Verbum. There interlocked
motifs provide the transition from fish to
frog (water to earth) at the bottom of the

print. Escher made a small wood ing
based on this design for an exhibs 1 invi-
tation in which he shows the more

playful and adds some acrobatic minnows.
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His own playfulness reverses the usual
depiction of earth and water; here water is
above and earth below.

Fish and Frogs; see notes, no. 50.

ESCHER NO. 51 [FROG]
Drawn at Baarn, July 1942
Ink, watercolor
205 x 205 mm (image);
305 x 230 mm (sheet)
Escher system 11I; Symmetry group p2
Related graphic work: Verbum, 1942 (cat.
326).
In drawing 51, there is a single frog motif.
All dark frogs are right side up while light
ones are upside down; interlocked dark
and light frogs can exchange places by piv-
oting 180° about centers on their outlines.
Escher notes on the drawing that it is an
exceptional case of his system 11 and re-
fers to page 4 of his notebook; the motif is
outlined by just three centrosymmetric
curves which replace the edges of a trian-
gle. In using this drawing in Verbum,
Escher changes the internal detail of the
light-colored frogs by repositioning the
eyes and mouth; these new frog motifs are
now right side up and crawl up while the
dark frogs crawl down. These contrasting
frogs provide the transition from earth in
daylight to earth at night (at the left side of
the print).

ESCHER NO. 52 [FROG/BIRD]
Drawn at Baarn, July 1942

Ink, watercolor

205 x 208 mm (image);

305 x 230 mm (sheet)

Escher system I* variant 2;
Symmetry group pl
Related graphic work: Verbum, 1942 (cat.
326).
This design was created specifically for use
in the lithograph Verbum. These interlocked
motifs provide the transition from frog to
bird (earth to air) at the left side of the
print.

ESCHER NO. 53 [TWO CLOWNS}

Drawn at Baarn, September 1942

Ink, watercolor

220 x 203 mm (image);

305 x 230 mm (sheet)

Escher triangle system Il A, type 1%;
Symmetry group p31m

Published in Art and Science.

Related work: A pair of figures similar to
these appear in the surface design for a
carved beechwood sphere with
grotesques, 1943.

This is the first of several folio drawings
Escher made to provide examples of his
various triangle systems recorded in his
“Theorie”” notebook in October 1942. This
two-motif system is in two colors, with
each motif a single color. Escher notes the
motifs are symmetric (and his asterisk re-
cords that fact symbolically); indeed, the
backbones of the acrobats clearly delineate
the triangular grid of reflection axes which
underlies the design.

ESCHER NO. 54 [TWO INSECTS]

Drawn at Baarn, October 1942; improved
April 1963

India ink, colored ink, colored pencil,
watercolor

220 X 206 mm (image);

304 x 218 mm (sheet)

Escher triangle system II A, type 1%;
Symmetry group p31m

Published in Periodic Drawings (plate 8).

This design of embracing insects is the

same type as that in drawing 53, but the

underlying triangular grid of reflection axes

is invisible here. The design’s dominant

geometric feature is the swirl of circular

arcs which outline the bodies of the red

bugs and give the overall impression of

overlapping circles. This design has the

same symmetry group as the one labeled

Dy? in Polya’s article (page 23); perhaps

Polya’s fleur-de-lis and his adjacent pattern

De of intersecting circles suggested to

Escher the idea for the outline of his two
inseparable insects.

ESCHER NO. 55 [FISH]

Drawn at Baarn, November 1942

Ink, watercolor

220 x 205 mm (image);

305 x 230 mm (sheet)

Escher triangle system I B; type 1;
Symmetry group pé

Related work: Design for bank-note
background, f 100, Christiaan Huygens,
1950 (unexecuted).

In this design, six identical fish swirl about

a point where their tails touch; they are col-

ored cyclically red-blue-yellow. Escher’s

sketch for bank-note background using this

regular division replaces some of the six-

fold swirls of fish with a six-petaled flower.

In fact, the pattern created by the outlines

of the six-fold swirls (Escher’s triangle sys-

tem I B, type C;) can be easily interpreted

as one of flowers (see sketch).

See notes, no. 55.

ESCHER NO. 56 [LIZARD]

Drawn at Baarn, November 1942

India ink, gold ink, colored pencil, poster
paint

220 x 207 mm (image);

304 x 229 mm (sheet)

Escher triangle system I B; type 1;
Symmetry group p6

Published in Graphic Work, Periodic
Drawings (cover and plate 39), Art and
Science, and Escher on Escher.

Related work: Hand-printed circular
design in gold and black on turquoise
silk, December 1942.

Although this lizard obeys the same geo-

metric constraints as the fish in drawing 55,

Escher succeeds in making the little crea-

ture seem absolutely natural in its role of

filling the plane. The rotation centers are



less obvious in this design, and the under-
lying triangular grid is invisible. Escher
carved two small woodblocks to print the
design on silk: one to print the lizards in
black and in gold and the other to print the
internal detail on the lizards whose color is
the turquoise of the silk. In 1968, Escher’s
Christmas greeting card reproduced a color
photograph of drawing 56.

ESCHER NO. 57 [TWO FISH]

Drawn at Baarn, November 1942

Ink, watercolor

225 x 205 mm (image);

305 x 230 mm (sheet)

Escher triangle system II B, type 1;
Symmetry group pé

Variations of these two fish motifs appear

in several of Escher’s drawings made in

1942; as a pair, they seem to be easily

molded to fit the geometric contraints of

various systems. The abstract polygon til-

ing in Escher’s notebook which illustrates

the triangle system II B, type 1 (top left of

page 81) shows shapes that are strongly

suggestive of these fish.

ESCHER NO. 58 [TWO FISH]
Drawn at Baarn, November 1942
Watercolor, ink
280 x 178 mm (image);
305 % 230 mm (sheet)
Escher system VI variant 1;
Symmetry group pgg
Related graphic work: [New Year's greeting
card, Eugéne & Willy Strens, 1956],
October 1952. Woodcut in green and
blue, printed from two blocks, with
letterpress in gray, 155 % 135 mm (cat.
385).
This design has the same symmetry group
as that of drawing 46, but there are marked
differences in the designs (note they are
different Escher systems). In this design,
one fish is arched while the other is sym-
metric and each species swims up and
down in an orderly stream. Each species
occurs in four different aspects but here
two aspects (mirror images of each other)
are red and two are gold. In using this de-
sign for a New Year’s greeting card, Escher
turns it 45° so the fish travel diagonally.
Although he distorts the motifs somewhat
to fit the square frame of the card, he re-
tains the half-turn center of symmetry in
the graphic design. The card is one of a se-
ries representing the four elements and
depicts water.

1OTES

ESCHER NO. 59 [TWO FISH]

Drawn at Baarn, November 1942

India ink, colored pencil, watercolor

237 x 220 mm (image);

304 x 227 mm (sheet)

Escher system VIIP-VIII® variant 2;
Symmetry group pgg

Published in Graphic Work, Periodic
Drawings (plate 11), and Art and Science.

Related work: Hand-printed designs on
silk, 1943. Black and gold on red (page
271); green and gold on ivory, 336 x
336 mm (version shown).

Escher preferred to have his fish motifs

swim in continuous streams and was suc-

cessful in aligning their paths in one direc-

tion in drawing 58. In drawing 59 he

weaves two streams of fish traveling in per-

pendicular directions, one serving as warp

and the other as woof, to create a seamless

fabric. His concept sketches for two appli-

cations of the drawing show that he con-

ceived of these streams of fish as ribbons.

One application (that was not executed)

was to wrap these ribbons of fish around

the framework of a cube in a preliminary

sketch for Cube with Ribbons (cat. 415).

A second application was a lyrical dec-
orative design hand-printed on silk in
which the pure regular division of drawing
59 appears as a tightly woven center rectan-
gle. Escher made "weavings” of several
sizes: the print on red is 6 X 6 (columns of
six goldfish and rows of six ray fish form
the rectangle); he also made 4 x4 and
8 x 4 versions. To print these designs, he
carved 16 individual small wooden blocks,

EUGENE & WILLY STRENS

See notes, no. 58.
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some with a single fish and some with two
interlocked fish. In each printed design, a
single ribbon of each species of fish begins
at one corner of the design, weaves back
and forth, and arrives at the opposite cor-
ner. This scheme is reminiscent of his 1926
meander of two interlaced ribbons on floor
tiling in his Rome apartment (page 85). In
1947, one of the little carved blocks was
used to print a single arched fish on an ex-
hibition invitation (cat. 354).

a0s

2
Oy

See notes, no. 59

ESCHER NO. 60 [TWO LIZAKDS]

Drawn at Baarn, December 1942

Colored pencil

252 x 217 mm (image);

305 x 230 mm (sheet)

Escher system VIIP-VII® variant 2;
Symmetry group pgg

The motifs and construction of this design

satisfy exactly the same geometric con-

traints as those in drawing 59. Escher even

chose the same coloring for the motifs and

wove them—gold lizards traveling east and

west and green lizards traveling north and

south.

ESCHER NO. 61 [TWO CREATURES]

Drawn at Baarn, January 1944

Ink, watercolor, pencil

265 x 205 mm (image);

305 x 230 mm (sheet)

Escher system IVE-VC variant 2;
Symmetry group pg

This is Escher’s first folio example of his

two-motif system IVP-V¢ variant 2; its dev-

ilish beasts seem bent on consuming the

doe-eyed creatures, but the frozen design
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prevents them. Although Escher frequently
insisted that he did not intend symbolic
meaning in his work, it is hard not to inter-
pret this design as a metaphor for the
Nazis’ devouring of Europe. On January
31, 1944, Escher’s beloved teacher Samuel
Jessurun de Mesquita and his family were
taken in the night by the Nazis from their
home in Amsterdam, never to return.

ESCHER NO. 62 [DEVIL]

Drawn at Baarn, January 1944

Colored pencil, ink, watercolor

154 X 280 mm (image):

230 x 305 mm (sheet)

Escher system 1V®; Symmetry group pg

Related graphic work: [Devils, vignette],
1950 (cat. 370).

[New Year's greeting card, Eugene and
Willy Strens, 1955], October 1952.
Woodcut in yellow and orange, printed
from two blocks, with letterpress in
gray, 156 x 135 mm (cat. 384).

The devils in this drawing march sullenly
in cramped procession; the blue devils face
to the left, red to the right, each color devil
a glide-reflection image of the other. In the
vignette based on this drawing (page 272),
Escher depicts a single column of piled
devils. Crouching, the fellow at the bottom
holds up three others who balance on each
other; the top one exults in his freedom.
The New Year’s greeting card is similar; it
shows two columns of devils with pointing
fingers. The card is one of a series repre-
senting the four elements and depicts fire.

EUGENE & WILLY STRENS

Y by
FELICITAS

See notes, no. 62.

1955

Encounter; see notes, no. 63.

ESCHER NO. 63 [PESSIMIST-

OPTIMIST]

Drawn at Baarn, February 1944

India ink, colored pencil, opaque white

182 x 284 mm (image);

227 x 304 mm (sheet)

Escher system IVP-V¢ variant 2;
Symmetry group pg

Published in an article “Het Verbum van
M. C. Escher” by Dr. P. H. Pott, 1955;
Periodic Drawings (plate 3), World (plate
122), Magic Mirror, Art and Science, and
Escher on Escher.

Related graphic work: Encounter, May
1944. Lithograph, 342 x 464 mm (cat.
331).

The dark motifs in this drawing are similar

to the devils of drawing 62 and contrast

both in color and demeanor with the smil-
ing marching men. The two motifs, which

Escher identified as pessimist and optimist,

perhaps suggested the idea for Encounter.

Here the motifs free themselves from their

locked positions, travel carefully around a

circular void, and meet with the pessimist’s

grudging acceptance of the outstretched
hand of the optimist.

ESCHER NO. 64 [LEAF]
Drawn at Baarn, August 1944
Watercolor

276 % 205 mm (image);

305 x 230 mm (sheet)

Escher system not given;
Symmetry group pgg
Related graphic work: [Trees and animals),
1953. Wood engraving, 44 X 99 mm
(cat. 391).
Other related work: Design for bank-note
background, c. 1952 (unexecuted).
In this drawing, leaves sprout alternately
left and right out of sinuous vines that
grow endlessly upward (dark vines) or
downward (light vines). Each dark vine can
half-turn into an adjacent light one, while
glide-reflections in a vertical direction (as
well as translations) can superimpose each
vine on itself. Escher indicates on the draw-
ing that its source was one of his tilings by
triangles that he recorded in 1944. The ver-
sion of this design for bank-note back-
ground (drawing A4) is closer to that which
can be seen as branches and leaves in the
vignette of trees and animals. Escher also
made a design for the van Dissel company
utilizing the tree and animal motifs for table
linen, but it was not executed.

ESCHER NO. 65 [MOTH]

Drawn at Baarn, September 1944

India ink, colored pencil, watercolor

206 x 206 mm (image);

304 x 228 mm (sheet)

This is the only similarity design in Escher’s
folio notebook. It is based on his design of
isosceles right triangles found in the ab-



[Trees and Animals); see notes, no. 64 and A4

stract motif notebook (page 91, upper left)
and has exactly the same symmetries. All
the moths stream inward, head to tail, on
the reflection axes of the design. The shape
of the motifs and their geometric relation-
ship to one another is most like that in
drawing 38. If the tilted parallelograms of
the underlying grid for that drawing were
straightened into rhombuses, the moths
there would become symmetric and that
design could lead to this one by rolling it
around a cylinder and making a stylized
view of its projection through the hollow of
the cylinder’s core (see page 248).

ESCHER NO. 66 [WINGED LION}
Drawn at Baarn, October 1945
Ink, watercolor
173 % 280 mm (image);
305 x 230 mm (sheet)
Escher system IV®;
Symmetry group pg
Published in Escher on Escher.
Related graphic work: Magic Mirror,
January 1946. Lithograph, 280 x
445 mm (cat. 338).
Other related work: Cover design for
Grafiek en tekeningen, 1959.
In describing his lithograph Magic Mirror,
which incorporates this drawing, Escher
refers to the Lewis Carroll story Through the
Looking Glass. "’[The] little animal is born in
and emerges from a vertical looking glass.
More and more comes out of the mirror
until at last the whole creature has freed
itself from its image. As a fabulous animal,
it transposes its reflection into reality—a
well-known trick since Alice and her
Looking-glass world. Thus two curved pro-
cessions move on . . . moving from left to
right and right to left. They meet in the

NOTES

foreground, lose their three-dimensional-
ity, become flat, and slide together as
pieces of a jigsaw puzzle. Together they
now form a horizontal plane, a tiled floor,
on which stands the looking glass.” [1964]
Bruno Ernst's book, The Magic Mirror of
M. C. Escher takes its title from this print.
Escher chose this procession of winged
lions from the more than 100 numbered
periodic drawings he had created by 1959
to be used as the cover design for his book
Grafiek en tekeningen (see page 276).

ESCHER NO. 67 [HORSEMAN]
Drawn at Baarn, June 1946

India ink, colored pencil, watercolor
213 x 214 mm (image);

304 x 228 mm (sheet)
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Escher system 1V®; Symmetry group pg

Published in an article by Escher in
Phoenix, 1947; as frontispiece (“Hop,
hop Hynke”) in Introduction to the Space
Gronps, by P. Terpstra, 1955; in Graphic
Work, Periodic Drawings (plate 17), World
(plate 137), Magic Mirror, Life and Work
(p- 150), and Escher on Escher.

Related graphic work: Horseman, July
1946 (cat. 342).

Plate III, Regelmatige vlakverdeling,
June 1957. Woodcut in red, 240 x
180 mm (cat. 418).
This procession of helmeted riders with
glide-reflection counterchange symmetry is
the most widely published of all of Escher’s
periodic drawings. From its rudimentary
form, the motif emerged quickly under his
hand (see page 111), a fact he often noted in
his lectures. “[The] horseman, as a crea-
ture, was exceptionally obliging and will-
ing. It happens rarely that my subjects so
meekly allow [themselves] to be pictured in
detail.” [1964] P. Terpstra used the draw-
ing in his 1955 text to illustrate periodic
symmetry in the plane and again in his
essay for Grafiek en tekeningen to illustrate
the symmetry analysis of a periodic draw-
ing. Beginning with C. N. Yang’s 1962 book
on particle physics, the drawing was
widely interpreted by scientists and used as
cover art and illustration for numerous
mathematics and science texts. Escher ex-
pressed his amazement at this in a letter to

C. V. S. Roosevelt in 1962. “Funny to re-

ceive again and again publications with this

Magic Mirror; see notes, no. 66.
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111, Regelmatige viakverdeling: see notes, no. 67.

brave little rider, illustrating scientific
thoughts far beyond my comprehension.”
Escher’s description of the woodcut Horse-
man, given in his 1947 article, is on pages
241-242. He chose drawing 67 for Plate 111
in Regelmatige vlakverdeling to illustrate
glide-reflection symmetry.

ESCHER NO. 68 [TWO REPTILES]
Drawn at Baarn, March 1948
Colored pencil, ink, watercolor
305 x 330 mm (image);
305 x 230 mm (sheet)
Escher system VII® variant 2;
Symmetry group pgg
Published in Periodic Drawings (plate 5).
Related graphic work: Plate V, Regelmatige
viakverdeling, June 1957. Woodcut in
red, 240 x 180 mm (cat. 420).
In classifying this drawing, Escher first
wrote “VIIIC or VII* variant 2?”” and then
crossed out the VIII®; in fact, his notebook
shows he recognized that these two 2-motif
systems are geometrically the same (page
74). He chose this drawing for Regelmatige
vlakverdeling to illustrate (in Plate V) a com-
plex example of regular division of the
plane, containing two motifs and having
both glide-reflection and half-turn symme-
try. To aid his explanation, he provided a
schematic illustration of the design in
which he made explicit an underlying grid
of rhombuses; each motif is caught by a
rhombus which joins its four vertices (the
points where the motif touches three other
motifs).

V, Regelmatige viakverdeling; see notes, no. 68.

ESCHER NO. 69 [FISH/DUCK/LIZARD]
Drawn at Baarn, March 1948
Ink, watercolor
275 % 208 mm (image);
305 x 325 mm (sheet)
Escher triangle system;

Symmetry group p3ml
Published in Art and Science.
These motifs represent the three elements
of air, earth, and water. Each motif is sym-
metric, and all are aligned on an isometric
grid of equilateral triangles, so that the pe-
riodic design has the same grid as its reflec-
tion axes. The whole design can be gener-
ated by one triangular region which
contains half of each motif; the edges of
that triangular region act as mirrors.

ESCHER NO. 70 [BUTTERFLY]

Drawn at Baarn, March 1948

Ink, watercolor

280 x 280 mm (image);

305 % 305 mm (sheet)

Escher triangle system | B; type 2;
Symmetry group p6

Published in Art and Science and Escher on
Escher.

Related graphic work: Butterflies, June
1950. Wood engraving, 281 X 260 mm
(cat. 369).

On this drawing, Escher refers to drawing

79, in which the scaffold of overlapping cir-

cles for the design is made explicit. The

outline of the motifs and their geometric

arrangement is the same in both drawings,
but here each butterfly is a single color
(with wing dots of a contrasting color). In
drawing 79 each butterfly is made up of
three differently colored parts. The perfect
three-coloring of drawing 70 is intricate:
two colors of butterflies alternate around
cach 6-fold center; their wing dots show the
missing third color. The design has fasci-
nated mathematicians; three articles dis-
cuss aspects of its geometric construction
and possibilities for its coloring: J. F. Rigby
[1986], B. Grunbaum [1986], and H. S. M.
Coxeter [1986]. Escher’s related wood en-
graving Butterflics depicts a development of
form, dimension, and freedom. This print
is closely related to a colored circular design
made by Escher (see notes on drawing 79).

ESCHER NO. 71 [TWELVE BIRDS]

Drawn at Baarn, April 1948

India ink, colored pencil, watercolor

267 x 206 mm (image);

305 % 229 mm (sheet)

Escher system V¢, Symmetry group pg

Published in Periodic Drawings (plate 12).

Related graphic work: Sun and Moon,
April 1948 (cat. 357).

Liberation, April 1955 (cat. 400).
Escher notes this drawing contains 12 dif-
ferent motifs; a rectangle containing all of
them is at the center (it is almost one-third
the height of the drawing and two-thirds its
width). The rectangle fills the plane by re-
peated vertical glide-reflections and hori-
zontal translations. The points in the draw-
ing where six birds touch form a lattice of
equilateral triangles, as in Escher’s draw-

N AN 7 77 7%

Butferflies; see notes, no. 70.



ings for Verbum. In drawing 71, the variety
of contour lines which simultaneously de-
fine parts of two birds provides a visual
summary of his ten years of experimenting
to find ways such motifs can interlock. The
two birds in drawing 47 are here, and par-
tial contours of other bird motifs can be rec-
ognized. The woodcut Sun and Moon uses
the flock of 12 in this drawing and modifies
the birds’ outlines only at the edges of the
print. The lithograph Liberation contains the
block of 12 birds at its center; the print
shows the development of contrast, form,
and dimension.

ESCHER NO. 72 [FISH/BOAT]

Drawn at Baarn, December 1948

Colored pencil, ink

267 X 200 mm (image);

305 x 270 mm (sheet)

Escher system 1*-1*; Symmetry group pl

Published in Escher on Escher.

Related graphic work: [New Year's grecting
card, 1949, L. and K. Asselbergs],
November 1948. Woodcut, 152 x
139 mm (cat. 360).

On this drawing, Escher refers to drawings

18, 22, 29, and 30, all of which are his split-

motif system 1*-1*. In 1962, he made draw-

ings 112 and 113 in which fish and boats
coexist without one devouring the other.

Drawing 72 was evidently created espe-

cially for the New Year’s greeting card he

was commissioned to design.

1040-L-ENK-4ASSELBERGS

See notes, no. 72.

ESCHER NO. 73 [FLYING FISH]
Drawn at Baarn, July 1949
Ink, watercolor

NOTES

120 x 300 mm (image);
305 x 230 mm (sheet)
Escher system 14; Symmetry group pl
Related graphic work: Predestination,
January 1951 (cat. 372).
Plate I, Regelmatige viakverdeling, June
1957 (cat. 416).
On this drawing, Escher refers to drawings
38 and 74 which are also type 1%; each
shows a checkerboard-colored design
whose motifs fly in a diagonal path. This
drawing is on the same page as drawing 74,
and the similarity of the motifs’ silhouettes
(if the direction in which the fish fly is re-
versed) was exploited by Escher in two
graphic works (see notes on drawing 80).
The motif of flying fish is not entirely fic-
tional; Escher had occasionally seen flying
fish on his Mediterranean voyages.

ESCHER NO. 74 [BIRD]

Drawn at Baarn, July 1949

Ink, watercolor

120 x 200 mm (image);

305 x 230 mm (sheet)

Escher system I*; Symmetry group pl

Published in Graphic Work.

Related graphic work: Predestination,
January 1951 (cat. 372).

Plate I, Regelmatige viakverdeling, June
1957 (cat. 416).

Other related work: Tiled column in the
Nieuwe Meisjesschool (New Girls’
School) (now the Johanna
Westermanschool), The Hague, June
1959. Porcelain tiles, ““cloisonné” style,
by Porceleyne Fles (Delft); column
diameter 34 cm, height 300 cm.

By slightly altering the contours of the birds

in this companion drawing to number 73,

Escher integrated them with the flying fish

to create two graphic works (see notes on

drawing 80). In Plate 1 of Regelmatige viak-

verdeling, the birds metamorphose from a

checkerboard pattern of parallelograms in

the panels of a meander. Escher’s choice of
the bird pattern in drawing 74 for a tiled
column posed an interesting practical prob-

lem: how to use square tiles to produce a

design in which the motif repeats diago-

nally. His solution was to choose a square
which contains one white and one black

bird (in pieces) and tile the column in a

half-drop manner, a technique familiar to

the designers of wallpaper patterns.
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See notes, no. 74

ESCHER NO. 75 [LIZARD]
Drawn at Baarn, July 1949
India ink, pencil, black and white poster
paint
223 x 206 mm (image);
304 x 229 mm (sheet)
Escher system 11%;
Symmetry group p2
Published in Periodic Drawings (plate 16)
and Art and Science.
Although Escher’s first systematic efforts to
produce plane-filling motifs had concen-
trated on those which could fill the plane
using just half-turns and translations, he
did not produce a simple black and white
counterchange half-turn pattern of asym-
metric motifs until this one. Each lizard can
exchange places with any of the four lizards
of contrasting color which surround it by
means of a half-turn (at head or tail) or
translation (sideways).

ESCHER NO. 76 [HORSE/BIRD]
Drawn at Baarn, September 1949
Colored pencil, ink, watercolor
203 x 203 mm (image);
205 x 280 mm (sheet)
Escher system IV variant 2;
Symmetry group pg
Related graphic work: See comments for
drawing 76a.
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Escher remarks that the points in this
drawing where six motifs come together lie
at the vertices of a rhombus and that this is
not necessary for the design. He also notes
two distinct grids: a rhombus lattice, which
he labels A, and rows of parallelograms re-
lated by glide-reflections, which he labels
B. The first grid can be obtained from the
design of birds and horses in drawing 76 by
joining the vertices (points where six motifs
come together) on the boundary of each
bird/horse pair with the bird above the
horse. The second grid is obtained by join-
ing the vertices around each bird/horse pair
with the bird in front of the horse. Note
that in the horizontal rows of interlocked
motifs, the direction in which the motifs
face alternates from row to row.

ESCHER NO. 76A [HORSE/BIRD]
Drawn at Baarn, [September 1949]
Pencil
89 X 101 mm (image)
Escher system 1 variant 2;
Symmetry group pl
Related graphic work: Horses and Birds,
September 1949. Wood engraving, 87 x
72 mm (cat. 363).
Metamorphosis 111, 1967-1968 (cat.
446).
On the page facing drawing 76 (the verso of
drawing 75), Escher drew a fragment of a
similar bird/horse pair and labeled it 76a.
This time all motifs face in the same direc-
tion and are related only by translations.
Although the lower contour of the bird is
almost the same as that in drawing 76, here
the bird has an open beak and is nipping
the horse’s ear. Escher chose this version
for a vignette for an invitation card for sev-
eral exhibits in 1949 and later for a new
panel in his expanded 1967-1968 Metamor-
phosis HI. In that continuous flow of im-
ages, he needed these motifs to all face the
same way. He also used the rhombus lat-
tice (made up of equilateral triangles) to
accomplish a transition from a plane filling
by translations to one with 6-fold rotations
(page 261).

ESCHER NO. 77 [REPTILE]

Drawn at Les Diablerets, August 1949

India ink, colored ink, colored pencil,
watercolor

204 x 206 mm (image);

304 % 231 mm (sheet)

Escher system VI¥, Symmetry group pgg

Published in Periodic Drawings (plate 33).

,,ml!”””“"
N

Horses and Birds; see notes, no. 76A

On this drawing, Escher refers to drawing
36, which is the same system. The reptiles
here march head to tail in orderly streams
up and down the page. The arrangement of
snakes in the earlier drawing appears to be
more random, yet in both drawings exactly
the same geometric transformations relate
the motifs.

ESCHER NO. 78 [UNICORN]

Drawn at Baarn, October 1950

Colored pencil, watercolor

200 x 200 mm (image);

305 x 230 mm (sheet)

Escher “new system?”’;

Symmetry group pg

Published in Periodic Drawings (plate 36)
and Art and Science.

Related graphic work: [New Year's greeting
card, 1951, L. and K. Asselbergs|,
October 1950. Wood engraving, 115 >
78 mm (cat. 371).

After completing this design in which col-

umns of unicorns are colored cyclically in

three colors, Escher discovered that this
arrangement of motifs was not in his theory
notebook. Motifs in a single column are re-
lated by translations in a vertical direction
while motifs in adjacent columns are re-
lated by glide-reflections in a vertical direc-
tion. Thus it is closely related to his systems

IV and V, but not one of the three-color

transitional systems derived from 1V and V

on pages 12 and 13 in his notebook. In his

design for a greeting card based on this
drawing, one unicorn kneels to fit the

frame; Escher uses shading to suggest the
cyclic coloring and shows six different
tones.

See notes, no. 78.

ESCHER NO. 79 [THREE-COLOR

BUTTERFLY]

Drawn at Baarn, October 1950

Watercolor

280 x 280 mm (image);

305 x 303 mm (sheet)

Escher triangle system I B type 2;
Symmetry group p6

Published in Periodic Drawings (plate 41)
and Art and Science.

Related work: Colored circular design
with butterflies, c. 1950. Watercolor,
diameter 627 mm (scale 1:12.5).

Escher notes this is a variant of drawing 70;

although geometrically the same, the draw-

ings give strikingly different visual impres-
sions. Each butterfly here has three differ-
ent colors: one for the front wings, one for
the back wings and wing dots, and one for
the body. This mulicoloring clearly reveals
the pattern of overlapping circles on which
the drawing is based. Escher’s loose
sketches of such patterns based on a hexag-
onal grid were collected in his abstract
motif notebook (see page 93). He made a
beautiful large circular watercolor design
based on drawing 79 in which each butter-
fly has three colors (ignoring the white). In
the design, these colors form successive
rings of eight overlapping circles which
occur in four colors: red and yellow alter-



See notes, no. 79

nate in the outermost ring, green and blue
in the next ring, and so on, as the pattern
repeats on smaller and smaller scale toward
the center. J. F. Rigby [1986] notes several
mathematical details of this design, includ-
ing the fact that all circles intersect at right
angles. The print Butterflies is a black-and-
white version of part of the circular design.
The colored design was evidently intended
for a large execution (possibly for the ceil-
ing for the Philips Company); Escher notes
that it contains 192 butterflies and indicates
a scale that would make it about 30 feet in
diameter.

ESCHER NO. 80 [FLYING FISH/BIRD]
Drawn at Baarn, November 1950

India ink, pencil, opaque white

99 x 288 mm (image);

226 x 304 mm (sheet)

S%S N\
X N

2,

)

Escher system I; Symmetry group pl

Published in Periodic Drawings (plate 29)

Related graphic work: Predestination,
January 1951 (cat. 372).

Plate 1, Regelmatige viakverdeling, June
1957. Woodcut in red, 240 % 180 mm
{cat. 416).

In this drawing, Escher combines the mo-
tifs of drawings 73 and 74. He notes below
the drawing that the two motifs share a
common silhouette; they are congruent
forms. This was a preliminary drawing for
the lithograph Predestination; Escher gives a
vivid description of the print’s creation in a
1957 article (see page 238). In Plate 1 of
Regelmatige vlakverdeling Escher interprets
the silhouette shown on drawing 80 first as
a bird (which, either black or white, is fig-
ure against contrasting ground), then as a
flyving fish, and finally, as both, with black
birds and white fish interlocked.

ESCHER NO. 81 [BAT/BIRD/BEE/
BUTTERFLY]
Drawn at Baarn, December 1950
Ink, watercolor
270 x 212 mm (image);
305 x 230 mm (sheet)
Escher system “related to VIII"";
Svmmetry group pnim
Published in Periodic Drawings (plate 4).
Related work: Design for ceiling of
Demonstration Laboratory, Philips
Company, Eindhoven, May 1951.
Four symmetric flying creatures interlock in
this drawing; their reflection axes form a
rectangular grid. Escher created this for the
commission by the Philips Company to
design a large hung ceiling. Thick black
lines separate the motifs in the drawing,
and the black extends to cover the margins
of the paper. The dark painted wood ceil-
ing in which the lighted motifs glowed was
a rectangle approximately 8 % 10 meters in
size. It consisted of one panel (approxi-
mately 1.3 x 2.6 meters), in which pairs of
the four flving creatures interlock exactly as
in the drawing, and 40 square panels (each
1.3 x 1.3 meters), in which the creatures,
arranged in the same manner, separate and
diminish in size as they approach the outer
edges.

ESCHER NO. 82 [BIRD/FISH]
Drawn at Baarn, February 1951
Ink, watercolor

205 x 205 mm (image);

305 x 230 mm (sheet)

plmatige viakverde otes, 80
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Escher system 1*-1*; Symmetry group pl
Related work: Design for tile tableau for
the facade of a private house in
Amsterdam, 1960. Porcelain tiles by
Porceleyne Fles (Delft); square tiles
213 x 213 mm, mural 170 x 280 cm
(approx.).
On this drawing, Escher’s penciled outline
of one hexagon cut by a diagonal clearly il-
lustrates his use of the splitting technique
shown for this system in his notebook. He
used the drawing in a commissioned de-
sign for a mural for the facade of a house in
Amsterdam. The design, executed in
glazed porcelain tiles, required several dif-
ferent tiles in order to create an aesthetic
border. The diagonal movement of the
motifs was achieved with square tiles using
a half-drop match. A rectangular tile tab-
leau made of proof tiles for the mural hung
on a wall in Escher’s Baarn studio.

—

See notes, no. 82.

ESCHER NO. 83 [THIRTY-SIX

DIFFERENT MOTIFS]

Drawn at Baarn, March 1951

Pencil, chalk

146 X 92 mm (image);

304 x 227 mm (sheet)

Published in Life and Work (page 80) and
Escher on Escher.

Related graphic work: Plane filling I,
March 1951 (cat. 373).

This is one of a few drawings in Escher’s

folio collection which is not periodic. He

notes it is a “free” plane filling, based on a

grid of rectangles whose vertices determine

the points at which four motifs meet. The

drawing is an essentially finished design

for a mezzotint (which is not reproduced

here); note the signature and date drawn in

reverse image. In 1963, an American archi-

tect, George Paulus, sent Escher examples

of different interlocking animal shapes he

had devised (one was patented in 1947 as a

puzzle). Escher acknowledged them, ”You

are the first who shares my (secondary)

hobby for irregular fillings” and enclosed a

print of his mezzotint.

ESCHER NO. 84 [BIRD/FISH]

Drawn at Baarn, April 51

Indian ink, colored pencil

201 x 197 mm (image);

304 x 227 mm (sheet)

Escher system I%-1%; Symmetry group pl

Published in Graphic Work and Art and
Science.

Related graphic work: [Plane-filling motif
with Fish and Bird], 1951. Linoleum cut,
137 x 163 mm (cat. 376).

Other related work: Design for bank-note
background, c. 1952 (unexecuted).

Design for intarsia panels in
sycamore and mahogany cabinet doors,
local telephone bureau, Amsterdam,
February 1954. Pencil, watercolor;
“Right wall, middle door, scale, 1:3,”
464 x 438 mm.

Escher notes on this drawing that the mo-

tifs” contours alone characterize them; no

outline of the birds or fish shows in pen or
pencil. He remarks the design is a variant
of drawing 29; the birds and fish are related
to each other in exactly the same way. This

[Fish and Bird]; see notes, no. 84.
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Intarsia design; see notes, no. 84.

drawing is one of three used for designs for
three adjacent wooden cabinet doors exe-
cuted in inlaid wood. A bird/fish design
based on drawing 84 was on the center cab-
inet, one of two birds (based on drawing
92) was on one side, and one of two fish
(based on drawing 93) was on the other.
Three additional cabinets facing these
showed the same designs in mirror image.
Escher’s design for bank-note back-
ground based on drawing 84 utilizes the
device of first separating the fish so that the
birds dissolve into ground, then closing the
space to form birds, and then separating
these so the fish dissolve into ground. In
this manner he created a repeating pattern
that looks like a regular black and white
houndstooth weave, but which under close
scrutiny is irregular and difficult to coun-
terfeit. (The pattern is not shown here.)

ESCHER NO. 85 [LIZARD/FISH/BAT]
Drawn at Baarn, April 1952
Ink, pencil, watercolor
270 x 212 mm (image);
305 x 230 mm (sheet)
Escher triangle system;

Symmetry group p3ml
Published in Periodic Drawings (plate 9)

and Escher on Escher.
Related work: Surface design on

cardboard rhombic dodecahedron,

1952,

Surface design for carved ivory

sphere, May 1963. Diameter 53 mm.
Escher calls this an “improvement” of
drawing 69; here the three elements—
earth, water, and sky—are represented as
lizard, fish, and bat. This may refer to the
more uniform shape of the three motifs:
each roughly fits a diamond formed of two
equilateral triangles. The diamond faces
of a rhombic dodecahedron are similar;
Escher could easily sketch this design on the
12 cardboard surfaces of the model he con-
structed. The design is especially suitable
for a sphere, and Escher’s sketches (right)
for the netsuke carver Masatoshi, who
carved it in ivory, show how to transform
an equilateral triangle (whose edges lie
along the backbones of three interlocked
motifs) in the plane design into a spherical
triangle having three right angles. Note
Escher’s precision about coloring. Escher
was delighted with the carving and showed
a slide of it side by side with one of drawing
85 in his lectures.
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See notes, no. 85.

ESCHER NO. 86 [BUG]
Drawn at Baarn, July 1952
Colored pencil, ink, watercolor
228 X 218 mm (image);

305 x 230 mm (sheet)

NOTES

Escher system VIII® and IX";
Symmetry group p4g

Published in Periodic Drawings (plate 26)
and Art and Science.

Related graphic work: [New Year's greeting
card, Eugeéne and Willy Strens, 1953],
October 1952. Woodcut in blue-gray
and brown, printed from two blocks,
with letterpress in gray, 155 X 135 mm
(cat. 382).

Escher notes this design is an improved
version of drawing 39. The rectangles
which cage the bugs in the earlier design
have been stretched; now each bug occu-
pies a square. This change creates symmet-
ric motifs and adds both reflection and
four-fold rotational symmetry to the pat-
tern. In using this design for a New Year’s
greeting card, Escher turns the drawing 45°
and thus emphasizes its reflection symme-
try. The card is one of a series representing
the four elements and depicts earth.

A

FELICITAS 1953

See notes, no. 86.

ESCHER NO. 87 [TWO BIRDS]

Drawn at Baarn, July 1952

Ink, watercolor

197 X 197 mm (image);

305 % 230 mm (sheet)

Escher system 1B-1%; Symmetry group pl

Related graphic work: [New Year's greeting
card, Eugéne & Willy Strens, 1954,
October 1952. Woodcut in green and
brown, printed from two blocks, with
letterpress in gray, 154 X 134 mm (cat.
383).
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In using this design for a New Year’s greet-
ing card, Escher turns the drawing 45° so
that the birds appear to fly in opposite di-
rections in horizontal rows, an arrange-
ment which fits the square frame better.
The card is one of a series representing the
four elements and depicts air.

:

See notes, no. 87.

ESCHER NO. 88 [SEA HORSE]
Drawn at Baarn, end of 1952
Ink, watercolor
190 X 190 mm (image);
305 x 230 mm (sheet)
Escher system [lI*; Symmetry group p2
Related work: Design for damask table
linen manufactured by E. J. F. van
Dissel & Zonen, Eindhoven, February
1954. Drawing September 1953, pencil,
235 x 235 mm (image of square design);
the fish in triangular formation are at
the outer corners of the tablecloth.
On this drawing, Escher refers to his earlier
drawing 11 of sea horses; here he modifies
the motif so that the plane filling requires
only two colors. Escher’s sketch of triangles
on the facing page (inset) is a scaffold for
the sea horses—triangles and sea horses
have vertices and half-turn centers posi-
tioned identically. The damask linen which
Escher designed utilizing the sea horses in
drawing 88 and the fish in drawing 89 pos-
sesses an additional antisymmetry which is
not found in the drawings. In the doubly
woven damask design, each motif can be
viewed in each of two colors: light on one
side of the cloth and dark on the reverse
side. Thus turning over the cloth exchanges
colors in the design.
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ESCHER NO. 89 [FISH]
Drawn at Baarn, September 1953
India ink, pencil, watercolor

190 x 198 mm (image);

304 x 227 mm (sheet)

Escher system 111"

Symmeltry group pimg
Published in Periodic Drawings (plate 20).
Related work: Design for damask table
linen manufactured by E. . F. van
Dissel & Zonen, Eindhoven, February
1954.
In this drawing, Escher presents two dis-
tinct fish motifs, each of which can fill the
plane with repeated copies of itself by
means of half-turns. The first fish has
teathery fins and swims in diagonal rows in
the upper third of the drawing. The second
has plain fins outlined by simple curves; it
fills the plane in diagonal rows in the lower
third of the drawing. In the center of the
drawing, Escher makes a transition from
one motif to the other; fish have some plain
and some feathery fins. For the design for
damask linen, Escher chose the fish with
the simple outline.

ESCHER NO. 90 [FISH]
Drawn at Baarn, September 1953
Ink, watercolor

190 x 195 mm (image);

305 % 230 mm (sheet)

Escher system III”; Symmetry group p2
Published in Periodic Drawings (plate 15).
This drawing shows a variation of the fish
with feathery fins in drawing 89; here their
twisted bodies no longer display bilateral
symmetry. Even if they retained perfect bi-
lateral symmetry, the way in which they
interlock (which is not the same as that in
drawing 89) would prevent the global de-
sign from having reflection symmetry; they
would be examples of hypersymmetric
motifs.

ESCHER NO. 91 [BEETLE]

Drawn at Baarn, September 1953

India ink, watercolor

189 % 194 mm (image);

304 x 224 mm (sheet)

Escher system 1*" also 1V
Symmetry group cn

Published in Graphic Work, Periodic
Drawings (plate 19), Art and Science, and
Escher on Escher.

Related graphic work: Plate 11, Regelmatige
vlakverdeling, June 1957 (cat. 417).

In contrast with Escher’s drawing 37 with

See notes, no. 88 and 89.

beetles, here all the beetles travel in the
same direction. In his 1964 lecture text, he
notes the plane filling with these beetles is
similar to the Moorish mosaic numbered 5
in his poster of illustrations (page 32).
Drawing 91 is used in Plate 11 in Regelmatige
vlakverdeling. In his essay there, Escher ob-
serves that the beetles are bilaterally sym-
metric and are seen from above, in contrast
with the bird and flying-fish motifs seen in
Plate 1, each of which is asymmetric and
seen from the side.

He then notes the three characteristics
of “things that one recognizes” that makes
them suitable for use as a motif in a regular
division of the plane: (1) their shape must
be definable with a single closed outline,
(2) their contour alone should strongly sug-
gest them, and (3) their outline must not
have indentations and bulges which make
adjacent figures difficult for the viewer to
distinguish. He notes the beetle is a border-
line case for condition (3). “The succession
of white and black legs would, if each were
a little thinner or longer, turn into a gray
hatched plane, and each separate leg
would be difficult to distinguish as part of a
particular beetle’s body.”

ESCHER NO. 92 [TWO BIRDS]

Drawn at Baarn, February 1954

Ink, watercolor

192 x 193 mm (image);

305 x 230 mm (sheet)

Escher system I"-1*; Symmetry group pl

Related work: Design for intarsia panels
in sycamore and mahogany cabinet
doors, local telephone bureau,
Amsterdam, February 1954. Pencil,
watercolor; “Right wall, left door, scale
1:3,” 464 x 438 mm.

Escher notes this is related to drawings 87,

93, and 84; its design of two birds is a slight

variant of 87. The geometric layout of

drawings 84, 92, and 93 is the same: each is

based on an underlying grid of congruent

rectangles in which each rectangle is occu-

pied by one copy (in parts) of each of two

interlocked motifs. In drawing 92 the sil-

houettes of the two bird motifs are very

similar. By making only a minor change to

the outline of the one motif, a design of

congruent birds related by half-turns can be

formed but this version of the design

would be unacceptable to Escher: half the

motifs appear upside down.



See notes, no. 92.

ESCHER NO. 93 [FISH]

Drawn at Baarn, February 1954

Ink, watercolor

188 x 193 mm (image);

305 x 230 mm (sheet)

Escher system III¥; Symmetry group p2

Published in Art and Science.

Related work: Design for intarsia panels
in sycamore and mahogany cabinet
doors, local telephone bureau,
Amsterdam, February 1954. Pencil,
watercolor; “Right wall, right door,
scale 1:3,” 464 X 439 mm.

Escher notes this is related to drawings 92
and 84; the three were used for comple-
mentary designs on cabinet doors. His clas-
sification of drawing 93 as system II* (as
well as our designation of symmetry group
p2) is based only on the contour of the fish
motif. Escher notes there is just one outline
and has pencilled half-turn centers on a
single white fish at the center of the draw-
ing. For the door panel, Escher ignores the
half-turn symmetry of the design and
places eyes and mouths on the motifs so
that light fish travel left while dark fish
travel right. Now the design appears to
have glide-reflection symmetry, but the fish
are different: the dark ones have their tails
turned up and the white ones have their
tails turned down.

ESCHER NO. 94 [FISH]

Drawn at Baarn, August 1955

Watercolor

190 x 200 mm (image);

305 x 230 mm (sheet)

Escher triangle system I B, type 1;
Symmetry group p6

Published in Art and Science.

NOTES

See notes, no. 93.

Related graphic work: [Fish, vignette],
1955. Woodcut, 88 x 76 mm (cat. 406).
Escher made his first periodic drawing of
this type at the end of 1941 (drawing 44); he
made no other example until 1954 and then
made three such examples, one in August
of each succesive year: drawings 99, 94,
and 100. Here the fish cavort playfully; they
touch fins at a center of 6-fold rotation and
meet nose to nose and tail to tail at centers
of 3-fold rotation. The woodcut vignette
was commissioned by a collector for use as

a greeting card.

See notes, no. 94.

ESCHER NO. 95 [BIRD]

Drawn at Baarn, August 1955

Ink, watercolor

190 x 200 mm (image);

305 x 230 mm (sheet)

Escher triangle system variant of 111*;
Symmetry group p2

Escher notes on this drawing that it is an

exceptional case of III*; each bird is out-
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lined by three centrosymmetric curves. Al-
though the design has no 3- or 6-fold rota-
tions, the vertices of the birds (where six
birds touch) form a lattice of equilateral tri-
angles. The curves of the birds’ outlines
and their twisted interlocking give the de-
sign the appearance of a brocade. A prelim-
inary drawing for Plate II of Regelmatige
vlakverdeling shows that Escher originally
chose this design to illustrate rotation sym-
metry; it was replaced by drawing 13 of
dragonflies.

ESCHER NO. 96 [SWAN]

Drawn at Baarn, December 1955

Ink, watercolor

202 x 202 mm (image);

303 x 225 mm (sheet)

Escher system IVD;

Symmetry group pg

Published in Graphic Work, World (plate
208), Art and Science, and Escher on
Escher.

Related graphic work: Swans, February
1956. Wood engraving, 199 x 319 mm
(cat. 408).

Other related work: Tiled column in the
Nieuwe Meisjesschool (New Girls’
School) (now the Johanna
Westermanschool), The Hague, June
1959. Porcelain tiles, “cloisonné” style,
by Porceleyne Fles (Delft); column
diameter 34 cm, height 300 ¢cm.

Below the colored design of swans on

drawing 96, Escher has penciled two over-

lapping geometric grids. One is of kite
shapes, gotten by joining the four vertices
of a single swan (wingtip-wingtip-chest-
head), and the other is the grid of rhom-
buses which corresponds to his system

IVP. In the drawing, a swan, a kite, and a

rhombus each have the same area, and

each is related to its congruent images by
the same glide-reflections and translations.

In his lectures, Escher showed the drawing

side by side with the print Swans. “My pur-

pose in making this print was to give a

demonstration of that same glide reflection

principle [as in drawing 96]. Aiming to
prove that the white swans are mirror-
reflections of the black ones, I let them fly
around in a path having the form of a re-
cumbent 8. Each bird rises from plane to
space like a flat biscuit sprinkled with sugar
on one side and with chocolate on the
other. In the centre of the 8, the white and
the black swan-streams intersect and form

together a pattern without gaps.” [1964]

In adapting the design to tile a column,

Escher chose a square which contains ex-
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Tiled column; see notes, no. 96.

actly one black and one white swan (in
pieces). Eight of the porcelain tiles encircle
the column, and the continuous pattern is
repeated vertically by matching the edges
of these with tiles above and below. Two
other uses of the swan design were
sketched by Escher, but not executed. He
originally chose this design to illustrate
glide-reflection in Regelmatige vlakverdeling,
but then replaced it with Plates III and 1V.
He also designed a mural of swans for the
hall of a building.

ESCHER NO. 97 [BULLDOG]
Drawn at Baarn, December 1955
Ink
195 x 197 mm (image);
305 x 230 mm (sheet)
Escher system V¢; Symmetry group pg
Published in Periodic Drawings (plate 18).
Related graphic work: Plate 1V,
Regelmatige vlakverdeling, June 1957.
Woodcut in red, 240 x 180 mm
(cat. 419).
Escher chose this drawing of ferocious dogs
to illustrate glide-reflection symmetry (in
Plate 1V) in Regelmatige vlakverdeling in
order to contrast it with the design of
horsemen in Plate III. Although both de-
signs have the same symmetry group, their
colorings are significantly different: all
white horsemen ride in one direction and
all black horsemen ride in the opposite di-
rection, but dogs of each color stand guard
and face in both directions

Swans; see notes, no. 96

ESCHER NO. 98 [REPTILE]

Drawn at Baarn, December 1955

Ink, watercolor

200 x 200 mm (image);

305 x 230 mm (sheet)

Escher system V1% Symmetry group pgg
The zigzag path of repeated motifs in this
drawing is even more pronounced than
that in Escher’s earlier drawing 77, which is
the same type.

IV, Regelmatige viakverdeling; see notes, no. 97.

ESCHER NO. 99 [FLYING FISH]
Drawn at Baarn, August 1954
India ink, pencil, watercolor
200 x 200 mm (image);
303 x 227 mm (sheet)
Escher triangle system I B, type 1;
Symmetry group pé
Published in Graphic Work and Life and
Work (page 72).
Related graphic work: [Fish, vignette],
August 1954. Wood engraving, 75 X
82 mm (cat. 398).
Plate 11, Regelmatige viakverdeling, June
1957 (cat. 417).
On this drawing, Escher refers to drawing
44, whose motif has exactly the same sil-
houette. The vignette of a hexagonal por-
tion of drawing 99 was made for the invita-
tion card to an exhibition of Escher’s work
at the Stedelijk Museum in Amsterdam,
held 27 August to 26 September, 1954, in
conjunction with the 1954 International
Congress of Mathematicians. The same
vignette was used on the cover of a booklet
“Het spel van wit en zwart” (“The game of
White and Black”), by Pam G. Reuter, pro-
duced in 1949 for supporters of De
Grafische, to which Escher belonged.
Escher chose the flying fish for Regel-
matige viakverdeling to illustrate (in Plate 1I)
three different kinds of rotation centers. To
assist his explanation, he sketched a por-
tion of drawing 99 with a superimposed
grid of equilateral triangles, and marked
the centers of 2-, 3-, and 6-fold rotation.
Comparing this plane filling with two oth-



ers in Plate 1 (of beetles and of dragonflies)
he notes, “The six attitudes of these flying
fish create the appearance of a greater free-
dom, a playfulness, and a spontaneity.
This is not only because of the absence of
right angles but also because the figures
themselves are no longer symmetrical.
Whoever has a feeling for the peculiar
beauty of regular division of the plane will
experience more pleasure from this last
example than from the two previous ones.”

See notes, no. 99.

ESCHER NO. 100 [FLYING LETTER]

Drawn at Baarn, August 1956

Pencil, ink, watercolor

200 % 200 mm (image);

305 % 230 mm (sheet)

Escher triangle system [ B, type 1;
Symmetry group p6

Related graphic work: New Year's greeting
card for the P.T.T., September 1956.
Wood engraving, 136 x 152 mm (cat.
412).

Metamorphosis 111, 1967-1968 (cat. 446).
Escher made this drawing of flying letters
to use in a design for a greeting card com-
missioned by the Postal, Telephone, and
Telegraph service. The angular shape of the
winged envelopes clearly outlines a grid of
regular hexagons, each of which shows a
center of 6-fold rotation. Escher’s wood
engraving for the greeting card shows a
hexagonal design with six tightly packed

See notes, no. 100.

NTTES

Division; see notes, no. 101.

letters whirling about its center; adjoining
letters separate from the tight mass and fly
off to their destinations. Escher chose
drawing 100 to insert as a new panel in
Metamorphosis 11l (see page 261); his earlier
Metamorphosis I did not contain any regular
divisions with 6-fold rotations.

ESCHER NO. 101 [LIZARDS]
September 1956

India ink, pencil, watercolor
295 x 145 mm (image);

304 x 227 mm (sheet)

Related graphic work: Division, July 1956.
Woodcut, diameter 375 mm (cat. 411).
Escher notes this drawing is a “division” of
system X" and refers to drawing 35, which
is its source. Escher worked on this draw-
ing about the same time he created his two
Smaller and Smaller prints; he used the same
geometric scaffold for drawing 101 as that
in the vertical descent version of Smaller and
Smaller (see notes on drawing 35). In this
drawing, however, not only do the trian-
gles split as they descend to a base line; the
lizards themselves split. In several triangu-
lar regions, a single lizard is replaced by a
red lizard emerging out of a blue one. The
print Division shows a similar pattern, with
the division process directed from the outer
edge toward the center. Its arrangement of
motifs is very orderly yet the print has just

half-turn symmetry.
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ESCHER NO. 102 [RAY FISH]

Drawn at Baarn, March 1958

Ink

200 x 200 mm (image);

305 x 230 mm (sheet)

Escher system IV®; Symmetry group pg

Published in Graphic Work and Periodic
Drawings (plate 30).

Related graphic work: Path of Life I,
March 1958 (cat. 424).

Path of Life 1, March 1958. Woodcut
in gray-green and black, printed from
two blocks, 370 x 370 mm (cat. 425).

In this drawing, all dark ray fish swim head
to tail toward the upper right, while light
ray fish in the same formation all head to-
ward the lower right. In the two Path of Life
prints, Escher transforms intersecting pairs
of parallel streams of fish into loops of two
joined spiraling streams. In each print, the
white rays are “born” infinitesimally small
in the center and, as they grow in size, they
swim outward, head to tail in a spiral path.

Path of Life 1I; see notes, no. 102
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At the outer edge of the print, they make a
U-turn and change color. Then they travel
another spiral path inward as they dimin-
ish in size, until they disappear at the cen-
ter. Path of Life I'has eight such loops, while
Path of Life II has four.

ESCHER NO. 103 [FISH]
Drawn at Baarn, April 1959
India ink, colored ink, pencil, watercolor
22] x 206 mm (image);
304 x 227 mm (sheet)
Escher triangle system [l A; type 2*];
Symmetry group p31m
Published in Graphic Work, Periodic
Drawings (plate 40), and Art and Science.
One of Escher’s earliest numbered draw-
ings, that of the little Chinese boy, was this
same type; he made no other examples be-
fore this drawing, Its fish motifs fit together
in exactly the same way as Polya’s fleur-de-
lis, which Escher had copied, but Escher’s
arrangement of the three colors in drawing
103 is different from that in his coloring of
Pélya’s DY design (see page 26). Here, fish
follow each other head to tail along the re-
flection axes of the drawing, colored cycli-
cally red-black-gray; three fish of the same
color meet at each intersection of reflection
axes. In Circle Limit I, Escher used angular
ying fish which have eyes like those of the
fish in this drawing, but which fill the plane
as in drawing 122,

ESCHER NO. 104 [LIZARD]

Drawn at Baarn, May 1959

Ink

200 x 200 (image);

305 x 230 mm (sheet)

Escher system 1X”; Symmetry group p4

Published in Graphic Work and Periodic
Drawings (plate 35).

Related work: Tiled column in the
Nieuwe Meisjesschool (New Girls’
School) (now the Johanna
Westermanschool), The Hague, June
1959. Porcelain tiles, “cloisonne” style,
by Porceleyne Fles (Delft); column
diameter 34 cm, height 300 cm.

Escher notes this is a variation of his first

two-color design of lizards, drawing 15.

The reptiles here are docile cousins of the

earlier motifs; the hallmark eyes (about

which Gerd Arnzt remarked) appear on
several of Escher’s creatures. Escher proba-
bly made this design with 4-fold rotation
sV‘mm\'lr_v especially for a tiled column. In
order to have just one tile mold made, he

had to choose a square portion of the de-
sign which contained both a white and a
black lizard and (because of the curvature
of the tiles for the column) be able to gener-
ate the whole pattern by means of half-
turns. The solution was a square with half-
turn centers at the midpoints of its four
sides and its diagonals parallel to the edges
of the drawing (see sketch). Thus the tiled
design is that of the drawing viewed at a
45° tilt. In tiling the column, the workers
had to alternate the direction in which adja-
cent tiles faced, both in placing them
around the column as well as in stacking
them vertically.

ESCHER NO. 105 [PEGASUS]
Drawn at Baarn, June 1959

India ink, pencil, watercolor

205 % 205 mm (image);

303 x 230 mm (sheet)

Escher system e Symmelry group pl
Published in Graphic Work (1966 edition),

See notes, no. 104.

See notes, no. 105.

Periodic Drawings (plate 14), and Escher
on Escher.

Related work: Design for tiled facade of
the entrance to the Vrijzinnig-
Christelijk Lyceum (Liberal Christian
Lyceum), The Hague, December 1959.
Cast concrete tiles in two colors; mural
5 x 14 meters (approx.).

The contour of the Pegasus motif in this
design is so natural that it is astonishing to
realize that each part of its outline simulta-
neously delineates two parts of the animal.
Escher chose the soaring creature for a de-
sign which wrapped around the facade of
an entrance to a school. The drawing is
based on a square grid (connect points
where four motifs touch) that Escher used
in the tiled design for which concrete
square tiles (70 x 70 c¢m) of 12 different
types were manufactured. At each corner
of the facade, motifs in two colors emerge
from plain square tiles and fly in diagonal
streams so that they mirror each others’
array.

ESCHER NO. 106 [BIRD]

Drawn at Baarn, June 1959

Ink, watercolor

200 % 200 mm (image);

305 x 230 mm (sheet)

Escher system I”; Symmetry group pl
This drawing of birds is geometrically the
same as the previous design of Pegasus. It
is based on a square grid, and birds trans-
late right and left, up and down to fill the
plane.



ESCHER NO. 107 [FISH]

Drawn at Baarn, December 1960

Ink, watercolor

200 X 200 mm (image);

305 x 230 mm (sheet)

Escher system VIIS; Symmetry group pgg
This drawing of fish is an elegantly simple
example of Escher’s system VII. His only
other example is drawing 33, which had as
its source a tiling by triangles. Joining the
vertices of a single fish in this design shows
that it is not based on that triangle tiling.

ESCHER NO. 108 [BIRD]

Drawn at Baarn, January 1961

Ink, watercolor

205 % 205 mm (image);

305 % 230 mm (sheet)

Escher system VP; Symmetry group pg
This is Escher’s first drawing of type V®,
and the contour of the bird gives little hint
of the underlying square lattice.

ESCHER NO. 109 [CREEPING
CREATURE]

Drawn at Baarn, January 1961

Chalk, ink, watercolor

201 X 202 mm (image);

301 x 230 mm (sheet)

Escher system VP; Symmetry group pg
Published in Periodic Drawings (plate 31).
This drawing is exactly the same system as
drawing 108, but the rough and angular
creatures give the impression of interlocked
cogs.

ESCHER NO. 109 Ii [FISH; FISH/BIRD]
Drawn at Baarn, February 1961
Watercolor, ink

303 X 200 mm (image);

305 x 230 mm (sheet)

This is the only page of border designs in
Escher’s folios of numbered drawings. Both
designs repeat their motifs using vertical
glide-reflections and may have been cre-
ated for use in the decoration of a govern-
ment office for which Escher designed a
ceiling. The bird/fish motifs in the border
on the right are similar to those in drawing
110, which was the basis of the ceiling de-
sign. Escher notes next to the border of
birds and fish that it is the design for draw-
ing 126. His sketchbooks show many stud-
ies for borders, especially from 1950 to 1953
when he was working on designs for bank
notes.

NOTES

ESCHER NO. 110 [BIRD/FISH]
Drawn at Baarn, June 1961
Ink, watercolor
250 x 205 mm (image);
305 x 230 mm (sheet)
Escher system V" variant 2;
Symmetry group pg
Published in Periodic Drawings (plate 10).
Related work: Design for ceiling, office of
the Secretary-General, Dutch Ministry
of Agriculture and Fisheries, The
Hague, October 1962. Painted in 11
shades on vellum, 4 x 6 meters.
(One-quarter of ceiling shows in photo.)
This drawing is especially suitable for a
decorative ceiling in the office of an over-
seer of agriculture and fisheries. The placid
fish and skimming birds move to the four
corners of a rectangle—motion exploited
by Escher in his design. Along a center line
which bisects the rectangular ceiling, birds
and fish interlock as in drawing 110. From
that line, birds separate and fly free in one
direction while in the other direction, fish
separate and swim away. The hung ceiling
was painted (by hired painters) on a single
panel of vellum stretched on a frame.
Escher chose its colors carefully: 11 gradu-
ated shades of sepia. He no doubt wanted
to provide the Secretary-General the plea-
sure of leaning back in his chair and con-
templating a peaceful design.

v -y

See notes, no. 110.

ESCHER NO. 111 [FLYING FISH/BIRD]
Drawn at Baarn, January 1962

Pencil, watercolor

123 X 200 mm (image);

303 x 229 cm (sheet)

Escher system 1-I; Symmetry group pl
Related work: Design for painted
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concrete column, Provinciale Waterstaat
en Planologische Dienst (Provincial
Bureau of Water Management and
Planning), Haarlem, March 1962.
This is one of four drawings (111 to 114)
that Escher made as part of a vertical meta-
morphosis depicted on a column commis-
sioned as a gift for a government bureau of
water management. Escher’s numbered
watercolor studies show the same colors he
used to paint the design on the concrete
column. The metamorphosis includes rep-
resentatives of several species that depend
on water: amphibians, fish, humans, and
birds. Each motif is repeated three times as
the continuous design encircles the col-
umn. The first drawing shows birds and
flying fish; it is from this interlocked posi-
tion that the birds fly free at the top of the
design.

ESCHER NO. 112 [FLYING FISH/

BOAT]

Drawn at Baarn, January 1962

Pencil, watercolor

123 x 200 mm (image);

303 X 229 mm (sheet)

Escher system 1°-1; Symmetry group pl

Related graphic work: Metamorphosis 1,
1967-1968 (cat. 446).

Other related work: Design for painted
concrete column, Provinciale Waterstaat
en Planologische Dienst (Provincial
Bureau of Water Management and
Planning), Haarlem, March 1962.

The motifs in this design have almost ex-

actly the same contours as the two in draw-

ing 111 (see comments on drawing 111). To
move from that regular division to this,

Escher had only to dissolve the internal

detail of the birds and then, with a few

strokes, suggest the sail and prow of the
boat. These flying fish are quite different
from the ones in his earlier drawings; they
may be more like those he saw on a six-
week voyage in 1960. He later described the
flying fish in a lecture to his Rotary Club in

Baarn. “In the Caribbean there were

schools of hundreds together, all shooting

up out of the water at the same time. . . .

These small creatures of only seven to six-

teen inches must have gathered an enor-

mous speed underwater by the time they
jump out. Apparently they can glide up to

two hundred meters through the air, and I

have often followed them with my binocu

lars as they skimmed the tops of the waves

... . Their long and beautifully iridescent

blue pectoral fins remain stiff and spread
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out, stretched as taut as the wings of a
glider.”

ESCHER NO. 113 [FISH/BOAT]

Drawn at Baarn, January 1962

Watercolor

112 x 200 mm (image);

305 X 230 mm (sheet)

Escher system I-I° Symmetry group pl

Published in Periodic Drawings (plate 1a).

Related graphic work: Metamorphosis I,
1967-1968 (cat. 446).

Other related work: Design for painted
concrete column, Provinciale Waterstaat
en Planologische Dienst (Provincial
Bureau of Water Management and
Planning), Haarlem, March 1962.

Escher uses the boats in drawing 112 and

113 as a transition between the two designs

in the metamorphosis on the column. First

the boats separate from the flying fish and
sail free at the center of the column; then
they settle in to define the grumpy fish in
drawing 113. In 1967, Escher chose the two
desigus of drawings 112 and 113 to include
as new panels in his Metamorphosis I1l. This
time he used the boats to provide a hori-
zontal transition between the two designs

(see page 260). There, birds metamorphose

into the flying fish of drawing 112 and the

fish of drawing 113 swim free of the boats
in order to define the next creature: a horse.

ESCHER NO. 114 [FISH/FROG]

Drawn at Baarn, January 1962

Watercolor

120 x 200 mm (image);

305 x 230 mm (sheet)

Escher system 1°-1; Symmetry group pl

Published in Periodic Drawings (plate 1b).

Related work: Design for painted
concrete column, Provinciale Waterstaat
en Planologische Dienst (Provincial
Bureau of Water Management and
Planning), Haarlem, March 1962.

See comments on drawings 111, 112, and

113. In the metamorphosis on the column,

the fish of drawing 113 sink away from the

boats and transform into the fish in this

drawing, which in turn define the frogs. At

the bottom of the column, the frogs break

free and, on dry land, appear to contem-

plate the metamorphosis unfolding above

them. A similar squatting frog appears in

one of Escher’s 1931 woodcuts for XXIV

Emblemata (cat. 175).
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Preliminary column design, pencil, 600 x 295 mm.

See notes, nos. 111 to 114,




ESCHER NO. 115 [FLYING FISH/BIRD]
Drawn at Baarn, March 1963
Ink, watercolor
198 X 198 mm (image);
305 x 230 mm (sheet)
Escher system 1I”;
Symmetry group p2
Published in Periodic Drawings (plate 2)
and Art and Science.
Escher made this drawing at the request of
Carolina MacGillavry to provide an exam-
ple of a periodic pattern which has only
translation and half-turn symmetry (classi-
fied as p2) and in which no symmetry of the
design interchanges colors. Here each ver-
tex of every motif is a half-turn center; Es-
cher had no such two-motif system in his
theory notebook. In selecting illustrations
for her 1965 book from Escher’s folios, Mac-
Gillavry found that all Escher’s previous
periodic drawings which were of type p2
possessed symmetries which permute the
colors of the motifs.

ESCHER NO. 116 [FISH]

Drawn at Baarn, April 1963

Ink, watercolor

200 x 200 mm (image);

305 x 230 mm (sheet)

Escher system VI®; Symmetry group pgg

Published in Periodic Drawings (plate 34)
and Art and Science.

Escher made this drawing at the request of

Carolina MacGillavry, for her 1965 book.

Although he had other examples of the

same color symmetry type (drawings 36,

77, and 98), this drawing provides an illus-

tration which is simpler to analyze visually.

Fish of the same color and in the same as-

pect line up in neat diagonal rows; the col-

ors of the rows, as well as the direction of

the fish, alternate from row to row. G.

Shephard [1986] illustrates how this peri-

odic tiling may be also perfectly colored

with three or four colors.

ESCHER NO. 117 [CRAB]

Drawn at Baarn, April 1963

Colored pencil, ink, watercolor

235 X 235 mm (image);

305 % 235 mm (sheet)

Escher system 1I<; Symmetry group pmg

Published in Periodic Drawings (plate 23)
and Art and Science.

Escher made this improved version of

drawing 40 for publication in MacGillavry’s

NOTES

book. In the earlier drawing, he marked the
half-turn centers with circles and joined
these to show the pattern’s glide-reflection
axes. Escher put no such markings on this
version of the design made more than
twenty years later; he presents a strongly
defined motif with shading to suggest its
three-dimensional form.

ESCHER NO. 118 [LIZARD]

Drawn at Baarn, April 1963

Chalk, ink, watercolor

247 X 246 mm (image);

362 x 270 mm (sheet)

Escher system X, Symmetry group p4
Published in Arf and Science.

Escher notes this drawing is a color variant
of drawing 35. The design of lizards is al-
most the same, but now four colors are
used rather than the minimum two needed
to distinguish adjacent motifs. Rough pre-
liminary sketches show Escher envisioned
this design as one of interlocked circles of
color. In the drawing, four lizards of the
same color make head-to-tail circuits; these
circles of color give the pattern the appear-
ance of a rich brocade. The arrangement in
drawing 118 is similar to the circle design
called III* in Escher’s abstract-motif note-
book (page 92), and the coloring is also re-
lated. The date of the drawing suggests it
might have been created for MacGillavry’s
book which analyzes color symmetry of
periodic patterns; however, it was not in-
cluded.

ESCHER NO. 119 [FISH]

Drawn at Baarn, February 1964

Ink, watercolor

243 x 243 mm (image);

362 x 270 mm (sheet)

Escher system X*; Symmetry group p4

Related work: Square Limit, April 1964.
Woodcut in red and gray-green,
printed from two blocks, 340 x 340 mm
(cat. 443).

After creating four circle-limit designs

based on Coxeter’s hyperbolic tessellations

in which motifs diminish in size as they

approach the boundary of a circle, Escher

devised his own algorithm of repeatedly

dividing isosceles right triangles to create

Square Limit. At the center of the print, the

interlocked fish appear almost exactly as in

drawing 119, but then in the next layer out-

ward, two smaller fish occupy the place of

one fish in the drawing. Although Escher

was pleased with his solution to the prob-
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lem of depicting an outward progression of
infinite repetition within the confines of a
bounded frame, he was apologetic in his
letter to Coxeter and called it “’simple as a
flat filling.” The sketch Escher sent to
Coxeter to explain the print is shown
below.

A B

ECaVK

D
Bl

Square Limit; see notes, no. 119.

ESCHER NO. 120 [FISH/BIRD]

Drawn at Baarn, May 1964

Ink, watercolor

157 x 246 mm (image);

362 x 270 mm (sheet)

Escher system 1-IS; Symmetry group p!

Related work: A similar pattern appears
in the tapestry designed by Escher for
the weavers Ed. de Cneudt in Baarn,
1949, (page 292).

Escher notes this drawing is a variant of

drawings 29 and 84. Bird and fish interlock

in a similar way in drawing 84 and at the

top of the 1949 tapestry he designed. At the

time this drawing was made, Escher had a

commission to design a mural for the Pak-

ket Postgebouw (parcel post building) in
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Amsterdam. His sketches show a horizon-
tal metamorphosis similar to the vertical
one in the 1949 tapestry. That commission
was not executed.

ESCHER NO. 121 [FISH/BIRD]

Drawn at Baarn, May 1964

Ink, watercolor

157 x 246 mm (image);

362 x 270 mm (sheet)

Escher system I°-I°; Symmetry group pl

Related work: A similar pattern appears
in the tapestry designed by Escher for
the weavers Ed. de Cneudt in Baarn,
1949, (page 292).

On the same page as drawing 120, this de-

sign is also like one in a tapestry designed

by Escher in 1949. The bird and fish in

drawing 121 are similar to those in the

lower portion of that tapestry. See addi-

tional comments on drawing 120.

ESCHER NO. 122 [FISH]

Drawn at Baarn, April 1964

India ink, pencil, watercolor

150 x 210 mm (image);

357 x 245 mm (sheet)

Escher system [X"']; Symmetry group pdg

scher.

Published in Escher on
Related graphic work: Circle Limit I,

November 1958. Woodcut, diameter

418 mm (cat. 429).

Circle Limit III, December 1959 (cat.

434).
Although Escher made folio drawings 122
and 123 in 1964, he originally created the
designs for use in his circle-limit prints,
more than five years earlier. In his lectures,
Escher showed the two drawings together
with Circle Limit IIl and pointed out the
three different modes of plane filling with
the same symmetrical fish motif. He found
drawing 122 the least interesting of the
three because the head-to-head and tail-to-
tail fish did not suggest continuous flow. In
Circle Limit I, Escher’s angular fish are ar-
ranged as in drawing 122 along “lines”
which intersect at right angles in that hy-
perbolic plane. In 1965, Escher was able to
create flow in a design based on drawing
122 (see comments on drawing 125).

One square from drawing 122 occupies

the center of Circle Limit Il (page 251). At
each of its corners, that central square
touches two other “squares” from drawing
122 and three “triangles” from drawing
123. Only in a hyperbolic world can these
six “regular polygons” surround a single

point. H. S, M. Coxeter [1979] discusses
mathematical details of Escher’s print and
D. Dunham [1986] shows a different circle-
limit design using drawings 122 and 123.

Circle Limit I; see notes, no. 122.

ESCHER NO. 123 [FISH]

Drawn at Baarn, April 1964

India ink, pencil, watercolor

150 X 210 mm (image);

357 x 245 mm (sheet)

Escher [triangle system I A, type 2*];
Symmetry group p31m

Published in Escher on Escher.

Related graphic work: Circle Limit III,
December 1959 (cat. 434).

Here, symmetric fish of a single color swim

head to tail in streams, following the three

directions traced by a triangle lattice; within

each triangle, fish of three different colors

meet at a center of 3-fold rotation. In Circle

Limit Il (page 251), Escher achieves the

same continuity of movement. Each fish is

born at the edge of the print, grows as it

travels along a circular arc, then shrinks as

it continues its path to the border. Escher

used both drawings 122 and 123 in Circle

Limit 11, which is a hyperbolic tessellation

of “squares” and “triangles.” He carved

five different woodblocks to print Circle

Limit II: one for black lines and four for the

colors. Each block printed a 90° sector, so

one complete print required 20 printings.

ESCHER NO. 124 [LIZARD]
Drawn at Baarn, September 1965
Ink

240 X 240 mm (image);

360 x 265 mm (sheet)

Escher system VII®; Symmetry group pgg

On this design, Escher notes drawing 33, in
which sharp-beaked lizards interlock in the
same manner. The little lizards in drawing
124 are similar to those in drawing 104, but
now their bodies twist in S curves and in-
terlock by means of glide-reflections and
half-turns.

ESCHER NO. 125 [FISH]
Drawn at Baarn, August 1966
Ink, watercolor
228 x 228 (image);
360 x 265 mm (sheet)
Escher system IX""; Symmetry group p4g
Related graphic work: Path of Life I,
November 1966. Woodcut in red and
black, printed from two blocks, 366 x
371 mm (cat. 445).
The two motifs in this drawing have the
same silhouette; it is very similar to that of
the fish in drawing 122. There, fish aligned
on the white grid of lines abut face to face
and tail to tail. Here, Escher changes the
internal detail of every other fish along a
path to create a different-looking winged
creature. Now streams of black fish and
creatures all travel in one direction, per-
pendicular to similar streams of white mo-
tifs. Escher (as usual) classifies the design
according to the motif's contour alone.
With internal detail counted, the design’s
global symmetry changes: each motif is
symmetric, but red lines in the drawing are
not reflection axes for the pattern. In Path of
Life 11, pairs of red lines that are perpendic-
ular in the drawing trace out a loop made
up of two spiral paths. White creatures are
born in the center of the print, grow while
following a spiral path outward to the edge
where they turn, change color, and follow
another spiral path inward while diminish-

Path of Life ll; see notes, no. 125.



ing in size until they disappear into their
place of origin.

ESCHER NO. 126 [FISH/BIRD]

Drawn at Baarn, March 1967

Ink, watercolor

230 X 275 mm (image);

255 X 300 mm (sheet)

Escher system “elements from IV and V”;
Symmetry group pg

Published in Art and Science.

Related work: Design for tiled column for
New Lyceum in Baarn, 1968. Porcelain
tiles by Porceleyne Fles (Delft); column
diameter 60 cm, height 260 cm.

Escher could not find this two-motif system

among those in his theory notebook, and

so simply noted that it had elements from
systems IV and V. The shapes in his illus-
tration of system IV® variant 1 on page 23 in
his notebook suggest this bird and fish;
also, there each motif appears in black and
in white, in image and mirror image. His
unicorn drawing 78 provides an example of
the system missing from his notebook and
from which this two-motif system can be
derived. The six portions of the boundary
of one bird/fish pair are related to each
other by the same geometric transforma-
tions as the corresponding six portions of
the unicorn’s outline (see sketch; T =
translation, G = glide-reflection). Escher
chose the bird/fish pattern for a tiled col-
umn in the entrance hall to a school. The
design required two square tiles (see draw-
ing 136). In drawing 126, Escher notes

“these eyes are a mistake.” For white fish

to be counterchange images of black ones,

their eyes should be black rings.

ESCHER NO. 127 [BIRD]

Drawn at Baarn, March 1967

Ink, watercolor

200 x 200 mm (image);

305 x 230 mm (sheet)

Escher system I°; Symmetry group pl
Published in Art and Science.

Escher notes this bird is an “apparently
2-sided symmetric motif”; in fact, just the
wings fail to be exact mirror images of each
other. It is easy to construct a similar but
perfectly symmetric bird which fills the
plane in exactly the same manner (see
sketch). However, that all-over pattern has
no reflection symmetry. Drawing 127
caught the attention of B. Granbaum and
prompted him to ask what other kinds of
hypersymmetric tiles can exist [1986]; that
question is not yet completely answered.

NOTES

See notes, no. 126.

ESCHER NO. 128 [BIRD]

Drawn at Baarn, April 1967

Ink, watercolor

205 x 195 mm (image);

305 x 230 mm (sheet)

Escher system I7; Symmetry group pl
This perky bird and Escher’s eagle (no. 17)
are the only birds in his collection that do
not fly, but stand in neat rows. At the bot-
tom of the drawing, Escher shows how he
created the bird by altering the edges of a
square.

See notes, no. 127.
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ESCHER NO. 129 [FISH/HORSE]

Drawn at Baarn, July 1967

Ink

240 x 242 mm (image);

297 x 262 mm (sheet)

Escher system I°-I; Symmetry group pl

Related graphic work: Metamorphosis III,
1967-1968 (cat. 446).

Escher made this drawing for a new panel

in Metamorphosis II; it links two other new

panels in the print (see page 260). The fish

in drawing 113 swim free of the boats, then

close in to define the horses in this pattern;

the horses in turn separate and gain inde-

pendent existence in a fenced pasture.

From there, the horses again become two-

dimensional and close in to interlock with

birds as in drawing 76a.

ESCHER NO. 130 [FISH/HORSE]
Drawn at Baarn, July 1967
Ink
192 X 233 mm (image);
270 x 358 mm (sheet)
Escher system “elements from IV and V”;
Symmetry group pg
Escher made this drawing for possible in-
clusion in his expanded print Metamorphosis
III. The plane filling does not appear in Es-
cher’s long print, probably for the same
reason that drawing 76 does not appear. In
order to have a continuous flow to the pic-
ture story, the replicas of each motif must
all occur in the same aspect. Thus Escher
chose drawings 76a and 129, which have no
glide-reflection symmetry, instead of draw-
ings 76 and 130, which do. In classifying
this drawing, Escher makes the same com-
ment as on drawing 126: “’elements from IV
and V.” In fact, this two-motif system is
exactly the same type as that bird/fish de-
sign.

ESCHER NO. 131 [PENTAGON WITH

FLOWER]

Drawn at Baarn, July 1967

Ink, watercolor

200 % 200 mm (image);

300 % 235 mm (sheet)

Escher system “related to VIII”;
Symmetry group p4g

Related graphic work: Metamorphosis 111
1967-1968 (cat. 446).

Related work: Design developed for tiled
column for New Lyceum in Baarn (see
drawings 134 and 136



318 CHAPTER §

On this drawing, Escher refers to drawings
42 and 43, both of which have designs of
stars and diamonds as their source. The
geometric design shown with the notes on
drawing 42 is also the basis for this draw-
ing: The stars become flowers and the
fused diamonds form the crosses of leaves.
With this interpretation, the pattern is one
of three separate motifs—leaves black and
flowers white. But Escher traces a grid of
congruent pentagons, and this single shape
with its embossed flower creates the same
plane filling. Escher chose this for a new
panel in Metamorphosis I1l, which added a
new “chapter” at the outset of that picture
story (see page 258). The checkerboard
squares deform like a collapsible rack and
produce a new mosaic of squares and dia-
monds; the diamonds sprout new points
and divide into stars; stars become flowers
(with bees seeking their pollen), and then
the process reverses until the checkerboard
is again restored.

ESCHER NO. 132 [FLOWER]

Drawn at Baarn, December 1967

Ink, watercolor

281 x 200 mm (image);

300 x 230 mm (sheet)

Symmetry group p4g

Related work: See drawings 131, 134, and
136.

This is a second version of drawing 131, in

which Escher has added red and blue to the

pentagon grid and to the centers of the

flowers. The single square shown at the

bottom of the drawing can create the plane

filling by means of translations alone; this

was quite likely a proposed design for one

of the tiled columns for the New Lyceum in

Baarn. The introduction of color not only

enlivens the design, but also adds color

symmetry.

ESCHER NO. 133 [INTERLACED
HEXAGON]

Drawn at Baarn, December 1967

Ink, watercolor

203 x 203 mm (image);

305 x 227 mm (sheet)

Symmetry group pgg

Escher’s fascination with multiple interpre-
tations of a single geometric design is ap-
parent in his series of drawings 131 to 134.
In drawing 133, Escher removes the flowers
from drawing 132 and focuses on that pat-
tern’s two overlapping hexagonal grids,

one red and one blue. Here, he makes the
hexagonal grids white and black and inter-
weaves them against a gray background.
The over-under interlacing destroys the
4-fold symmetry present in the earlier ver-
sion, but the other symmetries remain.

ESCHER NO. 134 [FLOWER]

Drawn at Baarn, December 1967

Ink, watercolor

278 % 203 mm (image);

302 x 227 mm (sheet)

Symmetry group pgg

Related work: Design for tiled column for
New Lyceum in Baarn, 1968. Porcelain
tiles by Porceleyne Fles (Delft); column
diameter 60 cm, height 260 cm.

In this drawing, Escher combines the inter-

lacing of the hexagons in drawing 133 with

the flower patterns in drawings 131 and 132

and turns the pattern 45° so that the hexa-

gons are aligned horizontally and verti-

cally. For both practical and aesthetic rea-

sons, this pattern is more suited to cover a

vertical column. At the bottom of the page,

Escher has drawn the two squares for tiling

the column in the Baarn school (see draw-

ing 136).

THERE 1S NO RECORD OF FOLIO
DRAWING 135.

ESCHER NO. 136 [TWO TILE PAIRS]
[Drawn at Baarn, 1968]
Ink, watercolor
305 x 237 mm (image);
305 x 237 mm (sheet)
Published (in part) in Art and Science.
Related work: Designs for two tiled
columns for New Lyceum in Baarn,
1968.
Escher sent this design drawing to the Delft
manufacturer of the tiles for two columns
to be covered with the periodic designs in
drawings 126 and 134. Only one tile mold
was required for the design of birds and
fish, but the single tile had to be glazed in
both positive (A;) and negative (A;) ver-
sions. Each tile contains two birds and two
fish (in pieces) in direct and in mirror
image. At the top of the drawing, Escher
notes that now the eyes of the white fish
are good; the mistake noted in drawing 126
has been corrected. The simpler design of
flowers also required two versions (B, and
B,) due to the “woven” strips and the cur-
vature of the tiles. The tiles are 233 x

See notes, no. 134

233 mm; the tiling on each column is 11 tiles
high and § tiles around. Escher’s tiling
scheme for each column is at the bottom of
the page.

ESCHER NO. 137 [GHOST]
Drawn at Laren, May 1971
Ink, watercolor
333 % 243 mm (image);
360 x 270 mm (sheet)
“System of R. Penrose’s jigsaw puzzle”;
Symmetry group p6
Published in Art and Science.
This last of Escher’s folio drawings is unu-
sual in several ways. He made the design
with motifs which he called little “ghosts,”
after solving a puzzle invented by the
physicist Roger Penrose. Penrose [1986]
tells of his visit to Escher in 1962; he gave
the artist a number of identical wooden
puzzle pieces ( see sketch) and challenged
him to find the unique way in which they
could fill the plane. The pieces interlock in
many different ways and in all but one ar-
rangement the tiling cannot be continued
forever. Escher solved the puzzle, sketched
the solution, and sent it to Penrose, who (a
few years later) supplied a geometric char-
acterization of the tile. The same curve
joins adjacent vertices of a 60°-120” rhom-
bus but in different aspects: left edge ro-
tates 120° into top edge, top edge rotates



60° into right edge, and right edge glide-
reflects into bottom edge. This simple con-
struction produces a remarkable result: the
plane filling by copies of the single motif is
non-isohedral. Glide-reflections which re-
late adjacent motifs are not symmetries of
the tiling. Martin Gardner [1988] shows
another non-isohedral tiling by a similar tile
invented by Penrose. Escher’s coloring of
ghosts in this drawing is highly symmetric,
but not perfect.

See notes, no. 137.

PERIODIC DESIGN Al [BAT]

[Rome, c. 1926]

Ink, transparent and metallic, printed in
five colors on black satin.

Wall hanging 1460 X 946 mm

Symmetry group cm

Escher used an individual carved block to

print each bat in this design. The block for

the black bats contains only the internal

detail of the motif. The idea for the motifs

may have come from shapes etched in

stucco in the Alhambra; the symmetry of

some wall patterns there with stylized

vines, leaves, and cones is very similar.

Escher alternates colors on the bats in each

column: gold-red-silver-red and blue-black-

green-black; thus, there are twice as many

black and red bats as others.

PERIODIC DESIGN A2 [FOUR BIRDS]

Drawn at Ukkel, 1940

Pencil

310 x 232 mm (sheet)

Symmetry group pl

Related work: Decorative intarsia wood
panel for the mayor’s office in the
raadzaal (council hall), Leiden Stadhuis
(Leiden Town Hall), 1940 (page 269).

This is one of Escher’s preliminary draw-

ings for a panel for the mayor’s office in the

new Leiden Town Hall. The outline of the

block of four birds can be seen in the upper

part of the drawing; in the lower half some

birds break free of their cramped cage.

NOTES

Another sketch (below) shows Escher’s
square grid; the block of four birds can fill
the plane by translations. On the facing
page, his schematic drawing shows how
flight paths of the birds cross in the panel;
each bird is represented by a square with
an arrow. The design depicts the growth of
Leiden from 1186 to 1940, and successive
rings of the expanding city are shown on a
map in contrasting shades of wood. Farm
fields border the city, and it is from these
that the birds metamorphose, reminiscent

See notes, no. A2.
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of Escher’s Day and Night. Escher’s sketch-
books show the source for these interlock-
ing birds was a simple tiling by crosses (in
his lecture poster, page 32).
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PERIODIC DESIGN A3
[OVERLAPPING PARALLELOGRAMS]
Drawn at Ukkel, 1940
Watercolor, gouache, ink
168 x 112 mm (image)
Symmetry group cmm
Related work: Design for glass panes for
book-cabinet doors, office of the Town
Clerk in the raadzaal (council hall),
Leiden Stadhuis (Leiden Town Hall),
1940. Executed by F. van Tetterode.
Escher’s geometric design for etched glass
panes for book cabinets can be obtained in
several ways. One can begin with a pattern
of identical parallelograms regularly spaced
in rows which are diagonal to the rectangu-
lar frame of the drawing, then reflect that
pattern through a vertical line at the center
of the frame, and superimpose the reflec-
tion on the original. The new pattern is rich
in symmetry: reflections (vertical and hori-
zontal), half-turns, glide-reflections and
translations. Each book-cabinet door had
six glass panes with this design.

PERIODIC DESIGN A4 [LEAF]

Drawn at Baarn, October 1950

Pencil, colored pencil

83 X 94 mm (image)

Symmetry group pgg

Published in Het Nederlandse bankbiljet en
zijn vormgeving, J. Bolten, 1987.

Related graphic work: See comments on
drawing 64.

Related work: Design H for bank-note
background, f 25, Stevin (unexecuted).
At a quick glance, this design looks like
four identical vines, all growing upward
with leaves shaded in two colors. How-
ever, a closer view reveals it is actually two
sets of vines, light ones growing upward
and dark growing downward, each filling

the spaces between the other’s leaves.

PERIODIC DESIGN A5 [SEVEN

CIRCULAR BAND DESIGNS]

Drawn at Baarn, October 1950

Published in Het Nederlandse bankbiljet en
zijn vormgeving, J. Bolten, 1987 {shown
there on design F for bank note].

Related work: Designs for borders of
circular vignettes on bank note, f 25,
Stevin (unexecuted).

On this drawing, Escher shows portions of

seven different periodic “frieze” designs.

These were used on a bank-note design to
frame circular vignettes depicting scientific
contributions by Simon Stevin. The circles
are tangent, and Escher winds a band of a
single design like an S curve around half of
one circle and half of a neighboring circle,
from one point of tangency to the next.

PERIODIC DESIGN A6 [LATTICE OF

OVERLAPPING HEXAGONS]

Drawn at Baarn, October 1950

Colored pencil

69 X 80 mm (image)

Symmetry group p3

Published in Het Nederlandse bankbiljet en
zijn vormgeving, J. Bolten, 1987.

Related work: Design for bank-note
background, f 10, van Leeuwenhoek
(unexecuted).

This design is based on drawing 11 in

Escher’s abstract motif notebook. In this

version made in very small scale, Escher

only uses two colors rather than four; it is

almost impossible to recognize the geomet-

ric plan of the design. Each line of the lat-

tice is outlined at its edges with one color,

with a line of the second color in between.

Three of these center “lines” of green meet

at each 3-fold center of the design.

PERIODIC DESIGN A7 [DECORATED
3:4:5 RIGHT TRIANGLE]
Drawn at Baarn, c. 1951
Colored pencil
104 x 135 mm (image);
279 x 212 (sheet)
Symmetry group pgg
Related work: Design for bank-note
background, f 25, Stevin (unexecuted).
This pattern is based on drawing 2 in
Escher’s abstract motif notebook; some pre-
liminary sketches are on the pages facing
that drawing. The coloring of this design is
most unusual: it is a two-color counter-
change. To see that the coloring is compati-
ble with the symmetries of the pattern, it is
treated as a four-color pattern. The blue tri-
angles with white decoration may be la-
beled b and their counterchange images
(white triangles with blue decoration) la-
beled b'; similarly the red triangles with
white are labeled r and their counterchange
images ’. Translation symmetries do not
change any colors, but other symmetries of
the pattern interchange pairs of colors:

half-turns interchange b and b' and
interchange r and 7’

glide-reflections (horizontal axis)
interchange b and r and interchange
b"and r’

glide-reflections (vertical axis)
interchange b and r* and interchange
rand b'.

PERIODIC DESIGN A8 [ENTWINED

CIRCLES]

Drawn at Baarn, October 1950

Colored pencil

77 % 123 mm (image)

Symmetry group pé

Related work: Design G for bank-note
background, f 25, Stevin (unexecuted).

Escher recorded designs of interlaced cir-

cles based on a square array of centers in

his abstract motif notebook, and gathered

there his loose drawings of similar designs

based on a hexagonal array of centers. One

such design is a preliminary drawing for

this bank-note background (see page 93).

PERIODIC DESIGN A9

[OVERLAPPING CURVES]

Drawn at Baarn, 1953

Ink

197 % 190 mm (image);

273 x 215 mm (sheet)

Symmetry group pém

Related work: Design for bank-note
background, f 50, Huygens
(unexecuted).

In the third round of designs for bank-note

backgrounds, Escher proposed several

symmetric line designs and moirés. On this

single drawing, he shows portions of four

separate periodic designs with the same

symmetry. All have motifs of intersecting

curves inside a circle, and each motif has

the symmetry of a perfect snowflake or six-

petaled flower.

PERIODIC DESIGN A10
[OVERLAPPING CURVES]
Drawn at Baarn, January 1953
Ink

163 x 163 mm (image);

280 x 190 mm (sheet)

Symmetry group pm



Related work: Design for bank-note
background, f 50, Huygens
(unexecuted).

This grid of intersecting curves has the

same symmetry as a simple grid of squares.

Yet the carefully controlled varying dis-

tance between the curves gives the visual

impression of a three-dimensional mesh
draped over regularly spaced spheres. In

1945, Escher used a similar distortion of

rectangular shapes to create the impression

of a bulge in his lithograph Balcony (cat.

334).

PERIODIC DESIGN Al1

[OVERLAPPING CURVES]

Drawn at Baarn, February 1953

Colored ink

171 % 171 mm (image)

Symmetry group p4g

Related work: Design for bank-note
background, f 50, Huygens
(unexecuted).

This line design in two colors is also based

on a square grid, but now the curved lines

form a pattern of waves that cross at right

angles at centers of 4-fold rotation. Lines

squeeze close to one another at reflection

axes for the pattern; the visual effect is one

of a rippling fabric.

See notes, no. Al12.
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Fish and Scales; see notes, no. A13.

PERIODIC DESIGN A12 [LETTER E]

Drawn at Baarn, 1953

Pencil

212 x 163 mm (sheet)

Symmetry group p2 [pgg]

Related graphic work: [“E is een Ezel” (“E
is a donkey”)], 1953. Wood engraving,
97 X 65 mm (cat. 392).

Escher made sketches of interlocked letter

E’s as he worked out designs for wood en-

gravings to illustrate the letters M and E

(Maurits Escher) for a booklet Grafisch ABC

produced by the society De Grafische to be

given to its donors. Two versions of the in-
terlocked E’s are sketched: upright and re-
cumbent. Although both have translation
symmetry, the first has both half-turn and
glide-reflection symmetry (pgg), while the
second has only half-turn symmetry (p2).

In the print, Escher thickens the layer of

letters, and removes one block of the jigsaw

puzzle so that the braying donkey (ezel) can
poke its head through.
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PERIODIC DESIGN A13 [FISH]
Drawn at Baarn, February 1958
India ink

145 x 361 mm (image);

179 x 373 mm (sheet)

Symmetry group pg

Published in newspaper article in Nienwe
Utrecht Dagblad, February 1958.

Related graphic work: [Fish vignette],
November 1956. Wood engraving, 81 x
81 mm (cat. 414).

Whirlpools, November 1957 (cat. 423).
Fish and Scales, July 1959. Woodcut
378 % 378 mm (cat. 433)

Other related work: Two wall paintings
one in the family waiting room and the
other in the aula, of the funeral service
building at the Third Public Cemetc
Utrecht, 1958. Design drawing for aula
(page 322), watercolor and gouache
diameter 170 mm (scale 1:20)

This is Escher’s final design drawing for

one of the two murals representing life-



passage that he painted in the fall of 1958.
He used five different stencils to lay out
this design; the finished wall painting was
101.5 X 280 centimeters, revised from the
estimate on the drawing. The outline of the
fish motifs in the design suggests they can
half-turn or glide-reflect into an adjacent
position; Escher chose the glide-reflection
to create parallel rows of fish traveling in
opposite directions. (The mirror-image
mural noted by Escher on the drawing was
never made.) The large companion mural
(3.4 meters in diameter) at the front of the
aula shows four spiraling streams: white
fish represent birth and life, swimming
outward from the center, while black fish
make a return journey, ending in death.
These fish, while similar in shape to those
in the other mural, are depicted in a view
from above to show the whorl. In 1956,
Escher made a vignette of interlocked fish
traveling in concentric circles; their outline
is almost the same as those for the spiral

[Fish); see notes, no. Al3

Aula mural design; see notes, no. Al3.

mural. This vignette is on the title page in
his 1960 book Grafiek en tekeningen. While
designing the Utrecht murals, Escher also
made Whirlpools, in which the same fish
from the vignette now follow a single path
that begins and ends in a tightly coiled spi-
ral. Leter, he used streams of interlocked
fish (related in the same manner as those in
drawing A13) in Fish and Scales. There, mo-
tifs are simultaneously fish or scales, de-
pending on the scale at which the scene is
read. The composition has half-turn sym-
metry, and there is the suggestion that the
self-replication continues forever.

PERIODIC DESIGN A14 [FISH]
Drawn at Baarn, {c. July 1958]
India ink, pencil

209 x 160 mm (image);

209 X 165 mm (sheet)

Symmetry group cm
Related graphic work: Sphere surface with
Fish, July 1958. Woodcut in gray, gold,
and reddish brown, printed from three
blocks, 340 x 340 mm (cat. 427).
Escher’s dual fascination with spirals and
with spheres led to the idea of depicting
streams fthat spiral around a globe, travel-
ing from pole to pole. He decided to use
motifs to show the direction of movement
and filled sketchbook pages with designs of
arrows and of fish. He chose these sym-
metric black and white fish which all swim
in the same direction for the woodcut
Sphere Surface with Fish. The print shows a
globe with the usual lines of latitude and
longitude (printed in gold), and each
stream of fish navigates a rhumb line using
those grid lines as guideposts, and traces
out a loxodrome. Three months later,
Escher made the woodcut Sphere Spirals
(cat. 428) which depicts four similar spiral
bands that girdle a transparent sphere.

Sphere Surface with Fish; see notes, no. Al4.



Concordance

When trying to access the scope of Escher’s pioneering work in the field
of periodic tilings and color symmetry, the kind of question most fre-
quently asked is: How many of each type of “X” did Escher make?
Escher’s own table (which was on the first page of his second folio note-
book of drawings) tabulates his drawings with recognizable motifs ac-
cording to his various systems in the 1941-1942 notebook. The tables in
this concordance contain additional information which can provide an-
swers when that question “How many . . . ?” is asked with regard to
the wide range of classifications used today; however the answers must
be interpreted in light of Escher’s personal assumptions and restrictions.
He always required that adjacent motifs in a tiling be of contrasting
color, and rarely broke the rule that a tiling use a minimum number of
colors to achieve this. Since the number of possible types for various
systems of classification of tilings and patterns have been determined by
mathematicians and scientists according to their definitions and as-
sumptions, there are necessarily many omissions of types in Escher’s
collection of examples. Reflection symmetry is rarely present in Escher’s
tilings; in fact, when it does occur, it is a consequence of using symmet-
ric motifs or a result of meeting the design requirements for a commis-
sion. A few statistics at the end of this introduction to the tables partially
summarize the scope of Escher’s work.

The body of Escher’s work listed in Tables 1, 2, and 3 consists of all
periodic drawings reproduced in Chapter 3 (Escher’s numbered folio
drawings and 14 additional drawings) and the numbered drawings in
the abstract motif notebook, which are identified by the prefix AM.

Notation and References. The symmetry group of a periodic design is the
collection of all isometries (translations, rotations, reflections, and glide-
reflections) which leave the design invariant; that is, they superimpose
the design on itself so that it appears unchanged. There are 17 plane
symmetry groups. Our tables use the now-standard notation for the
symmetry group of a design: the short form of notation in the Interna-
tional Tables for X-Ray Crystallography. A table of comparative notation for
the plane symmetry groups is useful when dealing with the early litera-
ture; such a table, as well as an explanation of the meaning of the current
notation is contained in the article “The Plane Symmetry Groups: Their
Recognition and Notation,” by the author.

A tiling with congruent tiles is isohedral, or tile-transitive, if, for every
choice of two tiles in the tiling, there is an element in the symmetry
group of the tiling which sends one of the tiles onto the other. All but
one of Escher’s tilings with a single motif are isohedral. For the seven
plane symmetry groups that do not contain reflections, H. Heesch char-
acterized the 28 types of asymmetric tiles that are isohedral; his classifi-
cation chart is reproduced here. For all 17 plane symmetry groups,
B. Griinbaum and G. C. Shephard determined the 81 types of isohedral
tiles; we use their notation for isohedral types. A table in their book
Tilings and Patterns (pages 288-290) shows an illustrative tiling for each
of the 81 types.

323



324

CONCORDANCE

All Escher’s periodic drawings have two or more colors and almost
all are perfectly colored; that is, each symmetry of the uncolored design
permutes the colors unambiguously. In a perfectly colored design, sym-
metries which permute the colors are called color symmetries; they are
color-exchanging transformations of the design. A perfectly colored de-
sign has associated to it two groups: G, the symmetry group of the
design considered as uncolored, and H, a subgroup of G which leaves
one color fixed. This means that every isometry in H sends each motif of
a particular chosen color to another one of the same color, while (per-
haps) exchanging other colors. The pair (G,H) determines the color sym-
metry group of the design.

In the case of perfectly colored designs with two colors, the sub-
group H which fixes one color necessarily fixes the other; in this case, H
is the subgroup which fixes both colors. There are 46 two-color plane
symmetry groups. In his articles “Coloured Symmetry” and “Escher’s
Lizards,” H. S. M. Coxeter explains his notation G/H for the color sym-
metry group of a perfectly colored design with two colors; we use this
notation in Table 3. There are many other notations in the literature; the
book Symmetries of Culture, by D. K. Washburn and D. W. Crowe, has a
table of comparative notations for two-color plane symmetry groups
(pages 280-281). Escher made many designs with two motifs and two
colors; in these the symmetry group is transitive on each set of congru-
ent motifs (these are called 2-isohedral tilings). When each motif occurs in
each of the two colors, there are color symmetries of the design and it is
classified according to its two-color symmetry group. However, many of
the two-motif, two-color designs have all replicas of one motif the same
color (there are no color symmetries of the design) and motifs which
adjoin are of contrasting color. A. Dress calls these “Heaven and Hell”
tilings [1986], after the design in Escher’s drawing 45, which is prototyp-
ical. In Table 3, we denote such tilings by the symbol HH.

The difficulty of finding a characterizing notation for color symme-
try groups of perfectly colored designs with three or more colors is dis-
cussed by Marjorie Senechal in her article “Color Symmetry.”” Her article
“Color Groups” indicates which isohedral types of tilings can be per-
fectly colored with a specified number of colors. In Tilings and Patterns,
Griinbaum and Shephard show illustrative patterns for the 46 two-color
groups (pages 408—413) and illustrative patterns for the 23 three-color
plane symmetry groups (pages 414-416). In The Mathematical Theory of
Chromatic Plane Ornaments, T. W. Wieting shows illustrative patterns for
the 96 four-color plane symmetry groups (pages 285-332). In Table 3, we
reference the Griinbaum and Shephard examples (using their notation)
for two-color groups and three-color groups and the Wieting examples
(using his notation) for four-color groups.

We have not tabulated the symmetry groups of the spheres and
polyhedra that Escher covered with repeating motifs. (The author can-
not resist leaving at least one exercise for the reader.) A helpful reference
for this task is “Spherical Tilings with Transitivity Properties,” by
B. Griinbaum and G. C. Shephard.

Some Statistics. There are seven plane symmetry groups without reflec-
tions: p1, p2, p3, p4, p6, pg, pgg. All are amply represented by Escher’s



drawings. All but one of the 17 plane symmetry groups are represented
in our tables; the missing group is pm. Escher was certainly aware of this
symmetry type; he noted it in his investigations on symmetric patterns.
Some of his bank-note background designs (not shown here) also show
this symmetry. Of the 28 Heesch types of isohedral tiles (see next page),
Table 1 shows that 22 are represented by Escher’s drawings. Four of
those missing from this table are in his 1941~1942 notebook: TTTTTT is
Escher’s system I4-I* (figure 2, notebook page 3), TCTCC is Escher’s
system II-III* (center left, notebook page 4), CGG is Escher’s system
VIIP (lower right, notebook page 14), and C3C5C5C; is Escher’s triangle
system I A; type 2. The Heesch type CC5Cj was specifically excluded by
Escher when he stated in the notebook that he was not considering
tilings in which more than six motifs meet at a single vertex. The remain-
ing Heesch type, TCTGG, seems to have been missed.

There are 36 types of isohedral tiles without central symmetry that
are not forced to have at least one edge a straight line segment; in his
drawings, Escher shows examples of 28 of them. On page 4 of his 1941—
1942 notebook, Escher shows all five of the asymmetric types of ““Con-
way criterion” tiles [see Schattschneider, 1980]; he has many examples
of four of these types in his drawings. There are 18 two-color groups in
which reflection is not a color-exchanging symmetry; 14 of these are
represented in Escher’s drawings. There are 37 different types of two-
color “Heaven and Hell” tilings in which each tile has at least three
vertices [Dress, 1986]; Escher’s drawings illustrate 11 of these. However,
in these 11 are 8 of the 10 possible types of “Heaven and Hell” tilings
with asymmetric tiles. Escher’s drawings which are perfectly colored
with three colors provide examples of 9 different three-color symmetry
groups. An additional 2 examples can be found in his notebook. The
remaining 12 three-color symmetry groups not found in his work all
have reflection symmetry. Although Escher rarely used four colors, his 7
perfectly colored drawings with four colors tabulated in Table 3 repre-
sent 4 different four-color groups.

The statistics above give some idea of how many different symme-
try types of colored periodic tilings are represented in Escher’s work.
However, these counts ignore what to many is the most imaginative
aspect of his tilings—the motifs themselves. If we count categories (see
the Index to Drawings by Motif), there are more than 40 “’species’ that
populate his drawings, with birds, fish, and lizards most prevalent.
Escher gave his reasons for the frequent use of these motifs in his
“Theorie” notebook (pages 77-78), and elaborated these views in Regel-
matige vlakverdeling. If each different motif in the collection of his draw-
ings in Chapter 3 is counted, there are more than 235 distinct creatures
and objects. The variety is extraordinary in light of the double restriction
imposed on these motifs—severe geometric constraints had to be met in
order for a motif to fill out a periodic tiling and, in addition, Escher
required his motifs to be recognizable.

CONCORDANCE
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Tafel 10. Die 28 Grundfypen des Flachenschlusses
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die onderen durch Schrumplung von Linien oder Linien- *_ ot
poaren entstanden gedach! werden konmen. WOECED == Obpnti ai G

Heesch[Kienzle, Flachemellut Sprir-Vetkot Berlin/Gottingen/ Heldrlbers

Heesch'’s table (above) classifying the 28 types of asymmetric tiles that can fill
the plane in an isohedral manner without using reflections. From Flichenschluss,
H. Heesch and O. Kienzele, 1963. The letters denote the geometric
transformations that relate edges of the tile (edges are pieces of the boundary
which join adjacent vertices). T = translation, G = glide-reflection, C = half-
turn, C3 = 120° rotation, C4 = 90° rotation, C, = 60° rotation. The sequence of
letters characterizing a tile is obtained by traveling a circuit around its boundary
and associating to each edge the appropriate letter. Edges with a center of half-
turn symmetry are related to themselves; other edges are related to an adjacent
or to an opposite edge by a translation, glide-reflection, or rotation.

Escher’s inventory of his numbered
drawings according to his classification
system (on the facing page). This chart
was on the verso of drawing 25, which
was the first page of his second folio
notebook.
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Table 1. SYMMETRY INVENTORY OF ESCHER’S PERIODIC DRAWINGS WITH ONE MOTIF

Symmetry group Heesch type Isohedral type Escher’s periodic drawings
pl TTTT 1H41 2 colors: 38, 73, 74, 80, 105, 106, 127, 128
74 TGTG 1H43 2 colors: 31!, 32, 97, 108, 109
G,G,G-Gy 1H44 2 colors: 19, 62, 66, 67, 96, 102, A13
TG,G.TG,G, IH3 3 colors: 17
TG,G,TG,G, 1H2 3 colors: 78
om IH68 2 colors: 91, Al4
1H12 6 colors: Al
P2 CCC 1H84 2 colors: 51, 95
ccee 1H46 2 colors: 9, 88, 90, 93!
TCTC 1H47 2 colors: 75
TCCTCC 1H4 2 colors: A12; 3 colors: 1, 5, 6, 7, 8, 10%, 11
794 CCGG IH53 2 colors: 36, 77, 98, 116
CGCG 1H51 2 colors: 33, 107, 124, A7, AM2
TCCTGG IH5 3 colors: 10
G,G,GG, IH52 2 colors: 39
CG,G,G,G, IH27 3 colors: 16; 4 colors: 2 (1926 print, page 11)
CG1CGG1Gs 1H6 2 colors: 64°, A4%; 3 colors: 2
pmg 1H69 2 colors: 37, 89
IH66 2 colors: 40, 117
p4 CCyCy IH79 2 colors: 35, 119, 4 colors: 118
CyCiCCy IH55 2 colors: 15, 23, 104
CC,CCiCy IH28 3 colors: 14; 4 colors: 20
pag 1H73 2 colors: 12!
1H71 2 colors: 13, 86, 122, 125!
IH29 2 colors: 131% 3 colors: 3; 4 colors: 132*
p3 GGCGGE IH7 3 colors: 21, 25
p3lm IH16 3 colors: 4
1H36 3 colors: 103, 123
pé CCeCs IH88 2 colors: 44, 94, 99, 100
C3C3CCe IH31 3 colors: 55, 56
CC4C4CeCy 1H21 3 colors: 70, 79°
1H34 3 colors: AM3
IH11 AM4°
1H90 AM5°
not isohedral 3 colors: 137
Notes

!Contour only is considered for this one-motif classification.
2This classification is for the tiling with cameos of two fish all in the same aspect; see notes on drawing 10.
A single leaf with attached stem is taken as the finite motif.
*A single pentagon with flower inside is taken as the motif; each motif has more than one color.
A single butterfly is taken as the motif; each motif has three colors.
he motifs are taken as the white forms, with the black bands shrunk to boundary lines; the design is then uncolored.



Table 2. SYMMETRY INVENTORY OF ESCHER’S PERIODIC DRAWINGS
WITH TWO OR MORE MOTIFS AND NONINTERLOCKING PATTERNS

Symmetry group Escher’s periodic drawings
pl 2 motifs 2 colors: 18, 22, 27, 29, 30, 47, 48, 49, 50, 52, 72, 76a, 82, 84, 87, 92, 93!, 111,
112, 113, 114, 120, 121, 129

3 motifs 3 colors: 28
4 motifs 2 colors: A2

vg 2 motifs 2 colors: 24, 26, 34A, 34B, 34, 61, 63, 76, 110, 125', 126, 130
12 motifs 2 colors: 71

p2 2 motifs 2 colors: 115

Pgg 2 motifs 2 colors: 41, 46, 58, 59, 60, 68, 134% 3 colors: 133%

cmm A3?

pmm 4 motifs 4 colors: 81

p4 4 motifs 4 colors: 42
circles 2 colors: 11" and 4 colors: I11* and V4, last page of abstract motif notebook
meander 2 colors: AM6

pdg 2 motifs 2 colors: 45
3 motifs 2 colors: 131 4 colors: 132°
line design All

pdm line design Al0
circles 1 color: 1*, last page of abstract motif notebook

p3 2 motifs 2 colors: 43°, AM9
3 motifs 3 colors: AM8

4 colors: AM117
multicolored: AM10

p31m 2 motifs 2 colors: 53, 54
3 motifs 4 colors: AM1
p3m1 3 motifs 3 colors: 69, 85
pé 2 motifs 2 colors: 57, AM4, AM5; 3 colors: AM7
circles A8 and inserts on last page abstract motif notebook®
pbm line design A9
Notes

'This classification takes into account the internal detail of the motifs.
?Various pairs of motifs, such as a pentagon with flower and a Y-shaped band, may be identified; the pattern may also be
viewed as one of flowers and bands on a black ground.

3The two motifs are a pentagon and a Y-shaped band which surrounds two sides of it; the pattern may also be viewed as one of
interlaced hexagons.

*This pattern may be viewed as having several motifs, or as one of two overlaid layers of a pattern of parallelograms.
°The three motifs are a flower, a black shamrock containing a cross, and a diamond-shaped leaf.
SEscher’s geometric sketch shows a perfect three-coloring of this design; see notes on drawing 43.

This pattern may be view as one of several different multicolored motifs, or as one of four overlaid layers of hexagon mesh.
Drawing A6 is based on this, but uses two colors.

SThese patterns may be viewed as ones of entwined congruent circles, or as having several motifs.
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Table 3. SYMMETRY CLASSIFICATIONS FOR ESCHER’S PERIODIC DRAWINGS

Key to symbols in the last column: Those beginning with the number 4 refer to illustrations in Wieting, pp. 285-332. HH
denotes a “Heaven and Hell” tiling [Dress, 1986]. For designs with three or more colors, NC denotes no color-changing
symmetries. All other symbols for designs with two or three colors refer to illustrations in Griinbaum and Shephard,

pp. 408-416. Notation for 2-color group: G (symmetry group of uncolored design)/H (subgroup that fixes colors).

Escher Escher Symmetry Number of Number of Isohedral — Heesch 2-color Color symmetry

number system group motifs colors type type group group reference

1 nAmA p2 1 3 1H4 TCCTCC p2(3]

2 VIIS-VI© P88 1 3 IHe CG1CGLGiG2 psgi3]

2! PS8 1 4 H27  CGiG.GiGs 4.12,01

3 IXP-xE pdg 1 3 1H29 none”

4 TrlA;type 1I*  p3lm 1 3 IH16 p31m{3];

5 IAIIA p2 1 3 1H4 TCCTCC p213]

6 IAIIA p2 1 3 IH4  TCCICC p213]

7 1AM p2 1 3 1H4 TCCICC p2i3]

8 IAIIA p2 1 3 1H4 TCCTCC p23]

9 A p2 1 2 IH46  CCCC p2ipl 2[21;
10 vie-vee Pgg 1 3 IH5 TCCTGG pgsl3l
11 [A-e p2 1 3 1H4 TCCTCC p2[3]
i e pdg 1 2 1H73 pdglemm pdgl2]
13 IX* pdg 1 2 IH71 pdglemm pdgl2]
14 IXP-XE p4 1 3 IH28  CC,CyCyCy none?
15 IxXP p4 1 2 IH55  CCiCyCy pdlp2 pdi2]
16 VIIS-VII© peg 1 3 H27  CGiG:GiG2 pggl3]
17 VEIvE g 1 3 H3  TG,GTGGa pgl3l
18 IAA pl 2 2 HH
19 IVP P 1 2 H4  G,GGG, psipl psl2];
20 IXP-XE p4 1 4 IH28  CC,C,CiCy 4.04.01
21  Tr 1 A;typel p3 1 3 1H7 [eNeNeNeN NN p331;
22 A pl 2 2 HH
23 IXP p4 1 2 IH55  CCiC4C, pd/p2 p4l2],
24 V€ var2 Pg 2 2 HH
25  TrlA;typel p3 1 3 1H7 [eXeX e eNeXeN p3[31;
26  VCvar2 Pg 2 2 HH
27 P4 pl 2 2 HH
28 I pl 3 3 NC
29 JAA pl 2 2 HH
30 A4 pl 2 2 HH
31 V© Pg i 2 IH43  TGTG peipg psl2],
32 Vv pg 1 2 1H43  TGIG pelpg pgl2l
33 VII© peg 1 2

IH51  CGCG P8P pgsl2];



Table 3. Continued

Symmetry Number of Number of Isohedral

Escher Escher Heesch
number system group motifs colors type type
34A IVB-VCvar 3 g 2 2
34B IVB-vEB g 2 2
34 rs 2 2
35 XE pd 1 2 IH79  CC,Cy
36 VIP P38 1 2 IH53  CCGG
37 1P+ pimg 1 2 1H69
38 A pl 1 2 IH41 TTTT
39 vII© P8 1 2 H52  GiGGIG,
40 ¢ pmg 1 2 TH66
4  VPvar2 188 2 2
42 VI-VII-VIII r4 4 4
43 Trll Ajtype2  p3 2 8
4 TriBytypel  pb 1 2 IH88  CCCs
45 XB pig 2 2
46 VIS-VIICvar2  pgg 2 2
47 T*var2 pl 2 2
48 A var2 pl 2 2
49 I“var2 pl 2 2
50 14 var2 pl 2 2
51 1€ p2 1 2 IH84  CCC
52 IAvar2 pl 2 2
53 TrlIl A;type 1* p3lm 2 2
54 TrII A, type 1* p3lm 2 2
55 Tr1B;type 1 p6 1 2 IH31 C3C3CeCe
56 Tr1Bj type 1 6 1 3 H31  C3C3CeCy
57 Tr II B, type 1 pb 2 2
58 VIBvar1 P8 2 2
59  VIP-VIIP® var 2 pgg 2 2
60  VIP-VIII® var 2 pgg 2 2
61  IVB-V€ var 2 vg 2 2
62 IVE Pg 1 2 H#  GiGIGG
63 IVE-V€ var 2 Pg 2 2
64 88 1 2 H6  CGiCG,GiGy
65 1 2
66 IVE e 1 2 H#4  GGIGG,
67 IVP 8 1 2 H4 GG GG,
68 VICvar2? P88 2 2
69  Triangle p3ml & 3
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2-color Color symmetry

group group reference

pgipl
pe/pl
pgipl
pdip4
pssirg
pmg/pm
pl/pl
ps8/p2
pmg/pmg
p8g'pg

pb/p3

p2/p1

p6/p3
Ps8ips

pg/pl

P88/r8

p8/pl
pgipl

]Jg[z]]
psl2l;
p8i2];
p4(2];
pggl2h
pmgl2],
p1[2]
vesizl:
pmgl2];
pgsi2h;
NC
NC
p6[2]
HH
HH
HH
HH
HH
HH
p2(2];
HH
HH
HH
p6l3];
pél3l
pél2]
882l
HH
HH
HH
pgl2l;
HH
pgsi2h

pgl2];
}1&’[2}1
HH
NC
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Table 3. Continued

Escher Escher Symmetry Number of Number of Isohedral ~ Heesch 2-color Color symmetry
number system group motifs colors type type group group reference
70 TriBitype2  p6 1 3 IH2I  CCCCCo pél31,
71 V€ Pg 12 2 NC
7 IR pl 2 2 HH
73 I8 pl 1 2 IH41  TTTT plipt pli2]
74 It pl 1 2 IH41  TTTT plipl pli2]
75 1A p2 1 2 IH47  TCTC p2ip2 p2(2],
76 1Y var 2 Pg 2 2 HH
76a IA var 2 pl 2 2 HH
77 VB Peg 1 2 IH53  CCGG Pegipg pegl2]
78  new system? g 1 3 1H2 TG,GTG,G, pel3l;
79 TriBstype2  pb 1 3 IH21  CC3CiCCo pél3];
80 I* pl 1 2 1H41 TTTT pl/pl p1{2]
81  related to VIIIY  pmm 4 4 NC
82 IAIA pl 2 2 HH
83 36 2
84 [BA pl 2 2 HH
85  Triangle p3ml B B NC
86  VIIP pdg 1 2 1H71 pdglemm pdgl2],
87 I%IA pl 2 2 HH
88 1A p2 1 2 IH46 ~ CCCC p2/pl p2(2];
89 M pmng 1 2 1H69 pmg/pm pmgl2];
90 1P P2 1 2 IHi6  CCCC p2ipl p2121;
91  I®* also IV®* o 1 2 1H68 cmlpm cmf2)
92 B pl 2 2 HH
93 1 p2 i 2 IH46  CCCC p2/pl p2021
93 II® pl 2 2 HH
94  TrlB,typel 6 1 2 IH88  CC.Cq po6/p3 pol2]
95  Tr var [lI* P2 1 2 1H84 CcCC p2/pl p2[2],
9% IVP P8 1 2 H44  GGGGs p/pl pgl2l;
97 V¢ P8 1 2 1H43 TGTG pe/pg pel2h
98 VI® P8s 1 2 IH53  CCGG Pegivg pegl2h
99  Tr 1B, type | po 1 2 [H88 CC,Ce p6/p3 pol2]
100 TriBytypel  pé 1 2 IH88  CC,Co P6ip3 p6l2]
101 1 2
102 IVE g 1 2 H4 GG GGy pe/pl pgl2]
103 Triangle p3im 1 3 IH36 p31m{3],
104 IXP pd 1 2 [H55  CyCiCiCy pdlp2 p4l2],
105 1 pl 1 2

IH41  TTTT plipl pli2]



Table 3. Continued

Symmetry Number of Number of Isohedral ~ Heesch

Escher Escher

number system group motifs colors type
106 P pl 1 2 1H41
107 vI© PS8 1 2 IH51
108 VP rg 1 2 1H43
109 VP pg 1 2 1H43
109 1I pg border
110 VP var2 23 2 2
11 ISI© pl 2 2
112 IGI€ pl 2 2
113 I&I€ pl 2 2
114 15I€ pl 2 2
15 1P p2 2 2
116 VPP psg 1 2 1H53
17 I pmg 1 2 1H66
118 XE p4 1 4 IH79
19 Xx¢ P4 1 2 1H79
120 ICI€ p1 2 2
121 14 pl 2 2
122 pdg 1 2 IH71
123 p3im 1 3 IH36
124 P Pe8 1 2 1H51
125 IxP» pdg i 2 1H71
125 IXP* g 2 2
126 fromIVand V  pg 2 2
127 I° pl 1 2 1H41
128 IP pl 1 2 1H41
129 I69¢ pl 2 2
130 fromIVand V.  pg 2 2
131  related to VIII pig lor3 2
132 pdg 2 e
133 P88 2 21
134 P88 2 2
137 from Penrose pé 1 B
Al am 1 6 IH12
A2 pl 4
A3 cmm 3
A4 v8g 1 2 IH6
A5 borders
A6 p3 2

type
TITT
CGCG
TGTG
TGTG

CCGG

CCyCy
CCyCy

CGCG

TTTT
TTIT

CG1CGGiGs
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2-color Color symmetry
group group reference

pl/pl
ps8/pg
p8ivg
p8/vs

pesivg
pmg/pmg

p4/p4

pdg/cmm

Ps8/p8
pdglemm
reipl
reipg
plipl
pl/pl

p8/ps

pdg/cmm
psgip2

pssips

pli2]
pssi2l;
pgl 25,
pgl2l,

HH
HH
HH
HH
HH
HH
pg8i2h
pmgl21;
4.04.02
P4[ 2] 1
HH
HH
p4gl2],
p31m{3],
psgl2l;
p4g(2],
pgl2]
pgl2],
p1(2]
pll2]
HH
pgl2l
NC
pdgl2],
pgsl2l,
NC
none?

2
none”

NC
pggl2l;
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Angel-devil, 45

Bat, Al

Bat/bird/bee/butterfly, 81

Bat/lizard/fish, 85

Bee/butterfly/bat/bird, 81

Beetle, 37, 91

Bird, 9, 17, 19, 23, 44, 74, 95, 96,
106, 108, 127, 128

Bird/bug, 26

Bird/bee/butterfly/bat, 81

Bird/fish, 22, 24, 29, 34A, 34B, 34,
48, 80, 82, 84, 109", 110, 111, 115,
120, 121, 126, 136

Bird/frog, 52

Bird/horse, 76, 76a

Birds (two), 18, 47, 87, 92

Birds (three), 28

Birds (four), A2

Birds (twelve), 71

Boat/fish, 30, 72, 112, 113

Borders, A5

Bug, 39, 86

Bug/bird, 26

Bug/fish, 27

Bugs (two), 54

Bulldog, 97

Butterfly, 12, 70, 79

Butterfly/bat/bird/bee, 81

Camel, 6

Cat, winged, 66

Chinese boy, 4

Circles, entwined, A8
Circular band designs, A5
Clowns (two), 53

Crab, 40, 117

Creature, 109

Creatures (two), 61, 68, 125

Devil, 62
Devil-angel, 45

INDEX 7O

Indexes

Diamonds, A3
Dog, 16, 97
Dog-like “lion”, 1
Dragonfly, 13, 38
Duck/lizard/fish, 69

E (letter), A12
Eagle, 17
Envelope, winged, 100

Fish (one), 10, 20, [31], 32, 55, 73,
[89], 90, [93], 94, 99, 102, 103, 107,
109", 116, 119, 122, 123, 125, Al3,
Al4

Fish (two), 31, 41, 46, 49, 57, 58, 59,
89, 93

Fish/bat/lizard, 85

Fish/bird. See Bird/fish

Fish/boat, 30, 72, 112, 113

Fish/duck/lizard, 69

Fish/insect, 27

Fish/frog, 50, 114

Fish/horse, 129, 130

Flower, 43, 131, 132, 134, 136

Flying fish, 73, 99

Flying fish/bird, 80, 111, 115

Flying fish/boat, 112

Flying horse, 105

Flying letter, 100

Frog, 51

Frog/bird, 52

Frog/fish, 50, 114

Ghost, 137
Greyhound, 16
Gryphon (griffin), 66

Heaven-hell, 45

Hexagon lattice, 133, A6
Horse, 8

Horse, winged, 105
Horse/bird, 76, 76a
Horse/fish, 129, 130
Horseman, 67

Human figure, 3, 4, 5, 21, 67
Human figures (two), 63

Imp(s), 21, 53
Insect, 39, 86
Insect/fish, 27
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Insects (two), 54

Leaf, 64, A4

Line design, A9, A10, All

Lion, 1, 2

Lion, winged, 66

Lizard, 14, 15, 25, 33, 35, 56, 75, 77,
98, 104, 109, 118, 124

Lizard/fish/bat, 85

Lizard/fish/duck, 69

Lizards (two), 60, 68, 101

Moiré, A9, A10, A1l
Moth, 65

Optimist/pessimist, 63

Parallelogram, A3
Pegasus, 105
Pessimist/optimist, 63

Ray fish, 102
Reptile. See Lizard
Rider, 67
Running figure, 21

Sea horse, 11, 88
Shells and starfish, 42
Snake, 36

Squirrel, 7

Starfish and shells, 42
Strongman, 5

Swan, 96

Three elements, 69, 85
Triangle, A7

Unicorn, winged, 78

Various (36), 83
Vine, 64, A4

Weightlifter, 3
Winged lion, 66
Winged envelope, 100
Winged horse, 105
Winged unicorn, 78
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141, 100, 253, 294, 311; 252, 83:
311, 315; 293-294 84:
144; 38, 304, 315; 294
145; 308; 294 85:
145: 301, 303; 294 86:
146; 307; 294 87:
147; 315; 294-295 88:
147, 295; 108; 295 89:
148, 295; 107, 247, 318; 295 90:
149; 107, 277, 318; 295 91:
151; 309, 310; 295 Crk
150, 244, 296; 245, 251; 296 93:
151; 299; 296 94:
152, 259, 297; 260, 303; 296 95:
152, 259; 260; 297 96:
153, 259; 260; 297 97:
153, 259, 298; 260; 297-298 98:
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157; 298 101:
158; 298 102:
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160; 292; 299 104:
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302-303 118:
174, 303; 292; 303 119:
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175, 239, 303, 305; 244, 303, T2l
305; 303 122:
176; 303 123:
177; 317; 303-304 124:
177, 261, 304; 256, 317; 304 125:
178; 315; 304 126:
178, 304; 317; 304
179, 305, 302; 304-305 127:

180, 239, 305; 238, 277, 303;
305

181, 270; 270; 305

180, 306, 268; 305-306

182; 306

183, 306, 270, 308, 309, 315;
306

184, 246, 307; 246; 306-307

185, 307; 294; 307

186, 307, 308; 307

187, 308; 272, 287; 307

188, 308; 272, 307; 308

189; 308

190, 288; 76; 308

191, 309; 270, 306, 309; 308

191, 309; 270, 306, 308; 309

192, 309; 309

193; 309

194, 310; 244, 282; 309-310

195, 310; 292; 310

196; 315; 310

197, 288, 311; 295, 309; 310-
311

197, 261, 311; 256, 309; 311

198, 311; 252, 294; 311

199, 249, 311; 248-249; 311-312

200, 312

201, 312; 244, 316; 312

202, 312; 270; 312

203; 312

204; 313

205; 313; 313

206, 313

207; 313

207, 313; 270; 313

208, 260, 314; 258; 313

208, 260, 314; 257, 258, 292,
303; 313-314

209, 260, 314; 257, 258, 292,
303, 317; 314

209, 260, 314; 258; 314

210; 72; 315

211; 315

212; 281, 295; 315

213; 294; 315

214, 315; 252; 315

215, 292; 291, 292; 315-316

215, 292; 291; 316

216, 251, 316; 251, 312; 316

216, 251; 251; 316

217; 316

218, 316; 248-249, 259; 316-317

219, 317; 109-110, 244, 313,
318; 317

220; 278; 317






348 INDEXES

* INDEX TO GRAPHIC
WORKS

Escher’s numbered drawings used in
graphic works are listed immediately
after the title and Bool catalog
number of each graphic work. The
page on which a graphic work is
reproduced is given in italic type and
pages on which the work is
mentioned in the text are given in
roman type.

Bijenkorf, de, wrapping-paper (cat. 232);
14, 14
Butterflies (cat 369)
drawing 70; 302, 260
Castrovalva (cat. 132); 6
Circle Limit I (cat. 429)
drawing 122; 316, 251, 312, 316
Circle Limit III (cat. 434)
drawings 122 and 123; 251, 251,
316
Circle Limit 1V (cat. 436)
drawing 45; 296, 251, 265, 296
Cycle (cat. 305)
drawing 21; 290, 240, 243, 255,
262, 290
Day and Night (cat. 303)
drawing 18; 261, 72, 98, 238, 255,
260, 264, 274, 279, 280, 289, 296,
319
Development I (cat. 300)
drawing 15; 30, 22, 29, 30, 255,
258-259, 260, 277, 289
Development II (cat. 310)
drawing 25; 291, 260, 291
Devils vignette (cat. 370)
drawing 62; 272, 272, 300
Division (cat 411)

drawings 35 and 101; 311, 252, 293—

294
E is een Ezel (cat. 392)

drawing A12; 321
Eight Heads (cat. 90); 8, 8, 10, 11
Encounter (cat. 331)

drawing 63; 300, 240, 243, 262, 300
Fish, 1941 (cat. 323)

drawing 41; 295, 243, 295
Fish, 1963 (cat. 442)

drawing 32; 292, 292
Fish and Frogs (cat. 364)

drawing 50; 298, 297-298

Fish and Scales (cat. 433)
drawing A13; 321, 252, 281, 321-
322

Fish vignette, 1954 (cat. 398)
drawing 99; 311, 310

Fish vignette, 1955 (cat. 406)
drawing 94; 309

Fish vignette, 1956 (cat. 414)
drawing A13; 322, 321-322

Horseman (cat. 342)
drawing 67; 242, 108, 241-243,
274, 301

Horses and Birds (cat. 363)
drawing 76a; 304

Liberation (cat. 400)
drawing 71; 95, 95-96, 260, 280,
302-303

Magic Mirror (cat. 338)
drawing 66; 301, 243, 262, 301

Metamorphosis I (cat. 298)
drawing 4; 19, 18-19, 255, 256,
260, 286, 290

Metamorphosis I (cat. 446)
drawings 15, 25, 27, 28, 29, 76a,
100, 112, 113, 129, and 131; 258-
262, 256-258, 260, 264, 279-280,
281, 289, 291, 292, 304, 311, 313,
314, 317-318

New Year's greeting-card: L. and K.
Asselbergs 1949 (cat. 360)
drawing 72; 303

: L. and K. Asselbergs 1951 (cat.

371)
drawing 78; 304
: Eugene & Willy Strens, 1953
[Earth] (cat. 382)
drawing 86; 307
: Eugene & Willy Strens, 1954
[Air] (cat. 383)
drawing 87; 307
: Eugene & Willy Strens, 1955
[Fire] (cat. 384)
drawing 62; 300
: Eugene & Willy Strens, 1956
[Water] (cat. 385)
drawing 58; 299
: PTT (cat. 412)
drawing 100; 311
Path of Life I (cat. 424)
drawing 102; 249, 248-249, 311
Path of Life II (cat. 425)
drawing 102; 311, 248

Path of Life 11I (cat. 445)
drawing 125; 316, 248-249, 316—
317

Plane-filling motif with birds (cat.
361A)
drawing 47; 297, 296

Plane-filling motif with fish and bird
(cat. 376)
drawing 84; 306

Plane-filling motif with two figures (cat.
65); 7, 7

Plane-filling motif with two figures (cat.
66); 7, 7

Plane-filling motif with reptiles (cat.
324)
drawing 35; 100, 293

Predestination (cat. 372)
drawings 73, 74, 80; 239, 238, 243,
259, 303, 305

Regelmatige viakverdeling: Plate T (cat.
416)
drawings 73, 74, and 80; 305, 259,
303, 305

: Plate 1I (cat. 417)

drawings 13, 91, and 99; 288, 106,

264, 308, 310

: Plate III (cat. 418)

drawing 67; 302, 264, 301, 302

: Plate IV (cat. 419)

drawing 97; 310, 264

: Plate V (cat. 420)

drawing 68; 302, 264

: Plate VI (cat. 421)
drawing 35; 294, 252, 293

Reptiles (cat. 327)
drawing 25; 113, 112, 243, 262,
281, 291
See also Plane-filling motif with
reptiles.

Scapegoat, The (cat. 69); 5, 5

Sky and Water I (cat. 306)
drawing 22; 263, 70, 98, 255, 262-
264, 274, 277, 279, 282, 290, 291

Sky and Water II (cat. 308)
drawing 24; 291, 262, 277, 291

Swnaller and Smaller (cat. 413)
drawing 35; 253, 252, 253-254, 293—
294
See also Regelmatige vlakverdeling,
Plate VI.

Sphere Surface with fish (cat. 427)
drawing Al4; 322, 250
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Abercrombie, M. L. J., 279-280
Abstract motif notebook. See
Notebooks
Adria (shipping company), 15-18
Agriculture and Fisheries, Ministry
of, ceiling, 270, 313
Alhambra
designs and use of, 9-10, 11, 12,
16, 17-18, 19, 21, 31, 32, 86, 106,
117, 125, 286, 288-289, 308
visits to, 9, 16
Amalfi coast, 12, 19, 225, 258
Amsterdam
commissioned work, 268, 270, 306,
308-309
Stedelijk Museum, 103, 310
Analogy, use of Escher’s prints for,
277, 279-281
Antisymmentry, 100, 101, 103, 104,
275
Arnhem, 2
Gemeentemuseum, 292
Arnzt, Gerd, 42-43, 256, 289, 312
Art Nouveau, 40-41
Asselbergs, L. and K., greeting
cards, 303, 304
Asymmetric motif (defined), 32
Axes, rotation (defined), 34

Baarn, 14-15, 275, 313
school, tiled columns, 244, 317-318
Ed. de Cneudt tapestry, 272, 291,
292, 315, 116
Bach, Johann Sebastian, 254, 281
Background. See Figure and ground
Balcony, 321
Balls, carved wooden. See Spheres
Bands, designs with, 44-45, 46, 47—
49, 52
See also Border designs

Bank notes, designs for, 52, 83, 113,
231-233, 272-273, 274, 288, 289,
295, 298, 300, 306, 313, 320-321

Beautiful, 5

Bibeb, 15

Bijenkorf, De. See Wrapping-paper

Bilateral symmetry, Escher’s notation
for, 115

Boer, ]. H. de, 277

Bolten, Dr. J., 273, 274

Book-cover designs, 272, 273, 276,
296

Border designs, 207, 231, 313, 320

Boymans Museum (Rotterdam), 103

Broos, C. H. A., 274

Bruijn, N. G. de, 103

Briickner, Max, 246, 247

Calvin, Melvin, 278-279
Cambridge (England), 104, 115
Cambridge (Massachusetts), 257
Ceilings
Philips Co. (Eindhoven), 270, 305
Ministry for Agriculture and
Fisheries (The Hague), 270, 274,
313
Cemetery murals. See Utrecht
Center of rotation (defined), 34
Central symmetry, motifs with, 80—
81
Ceva’s Theorem, 89
Characterization of quadrilateral
systems, 57-58, 60-61
Chateau-d’Oex (Switzerland), 14, 15,
18, 238
Circle Limit prints, 251, 265, 296,
315, 316
Circles, designs with, 52, 56, 92-93,
298, 304-305, 315, 320
Classification of periodic tilings
crystallographic, 95-97
Escher’s chart, 327
Escher’s quadrilateral systems, 57—
58, 61
Escher’s transitional systems, 59—
60, 62-69
Escher’s triangle systems, 79-81
Escher’s 2-motif systems, 70-76
Heesch's chart, 44, 326
mathematical, 101, 323-324, 294
Pélya’s chart, 23
Classifications of Escher’s periodic
drawings, 327-334

Clock, Leiden Town Hall, 267-268,
290

Cneudt, Edmond de, tapestry, 272,
291, 292, 315, 316

Color symmetry, 39, 99-101, 275-
276, 278, 324-334

Coloring, Escher’s rules, 29, 38, 55,
97, 98, 113-114

Columns, designs for, 244-245, 258,
260, 274, 303, 309-310, 312, 313—
314, 317-318

Combinatorial number schemes,
tilings by, 45-49, 54

Commissioned work, 231-234, 244,
247, 249, 256-257, 258, 260, 266—
270, 272, 273, 274 See also individual
listings

Concordance, 323-334

Concurrent lines, Escher’s theorems
on, 56, 88-90

Contour, ambiguity of, 259, 292, 298

Contrast, Escher’s use of, 7, 30, 38,
39, 41, 55, 70, 98, 99, 104, 258—
260, 274, 296, 306-307

Conway criterion tiles, 66, 286-287,
325

Copybooks. See Layman’s theory

Cordoba. See La Mezquita

Counterchange, 100, 264, 317

Coxeter, H. S. M., 251, 252, 253,
277, 278, 296, 302, 315, 316, 324

Credits, iv, 335-336

Crowe, Donald, 100, 324

Crystallography
use of Escher’s work, 275-277
See also Classification; Symmetry

Crystallography, International Union
of, 42, 103, 104, 115

Cube With Ribbons, 299

Cycle, Escher’s use of, 242-243, 262

Cylinder, regular division on. See
Columns

Damask table linen, design for, 272,
288, 300, 307-308

Decorative use of regular division of
the plane, 266, 267-273, 274, 281-
282
use of recognizable forms, 76-78

Delft, studies in, 3

Delone, B. N., 95

Diagonal (diametrale) direction
(defined), 58

Diderot, 255



Dimension, ambiguity of, 239, 243,
260-262
Diminishing size, motifs of, 248-254
Division algorithm in prints, 252,
294, 315
Dodecahedron
regular, with turtles, 246
rhombic, 246, 306
stellated, 247
Donnay, J. D. H. and G., 103
Double function of contour line, 110,
263, 264-265
Dragonfly, 289
Drawings, numbered. See Folio
notebook drawings
Dress, Andreas W. M., 72, 324, 325
Drijfhout, A. E. See Hoogewerff, G. J.
Duality, Escher’s representation of,
5, 70, 98, 264-265, 296, 300
Dunham, Douglas, 316

Ebbinge Wubben, J. C., 238
Ecuadoran rugs, handwoven, 282
Eindhoven
Philips Co. ceiling, 270, 305
Van Dissel Co. linen, 272, 288,
300, 307-308
Eldik, Van, 2
Emblemata, 12, 14
Engel, Peter, 95
Enschedé, J., 272
See also Bank notes
Enumeration of special tilings,
Escher’s
with line design in square, 46-47
with triangles, 49-51
Ernst, Bruno, 273, 278, 301
Escher, Arnold (Nol), 2
Escher, Arthur E., 6, 238
Escher, Berend G. (Beer), 2, 21-22,
44, 57, 80, 92, 275, 337
Escher, Edmond, 2
Escher, George A. (Escher’s eldest
son), 6, 45, 56, 90, 103, 240, 244,
257
quoted, 2, 12, 39-40, 109, 236, 237
Escher, George A. (Escher’s father),
2,19
Escher, Jan C., 14, 238
Escher, Johann George, 2
Escher-Gleichman, Sara A., 2
Escher-Umiker, Jetta, 6, 12, 15-17
Example, Escher’s definition, 38
Experiments in regular division, 44—
52

Fabric, prints on. See Hand-printed
plane-filling designs

Fedorov, E. S., 94

Fifth Day of Creation, The, 290

Figure and ground, 78, 262-265, 279,
281, 291, 296, 305

Filmfabriek Polygoon, N.V., 115

Flor de Pascua, 5

Folio notebook drawings, 112-229
Escher’s inventory, 327
notes on, 286-322

Forellenreigen (K. Moser), 42, 43

Form, development of, 30, 258-260

Fundamental domain, 96-97

Fundamental forms (“oer”’-vormen),
31

Gardner, Martin, 319

Geometric grid, Escher’s use of, 18,
20, 31-34, 58, 96-97, 106-108, 112~
113, 288, 290, 294, 302, 304, 307,
309, 310, 311, 315, 319

Geometric motions. See Geometric
transformations

Geometric relationships, Escher’s
notation for. See Notation

Geometric rules of regular division
of the plane, 31-36

Geometric transformations, 33-36,
57-58, 61

Glass panes, design for, 231, 268,
320

Glasser, L., 277

Glide-reflection. See Isometries

Golden ratio right triangle, 83, 87

Gombrich, E. H., 254, 280

Grafiek en tekeningen M. C. Escher, 44,
115, 240, 272, 275, 276, 284, 293,
301, 322
quoted, 7, 19, 236-237

Grafische, De, 98, 310, 321

Granada, 9

Graphic work, 3-8, 12, 14, 18-19,
30, 236-243, 248-267, 272, 285
illustrations. See Index to Graphic
Works, 348

Gravesande, G. H.’s-, 10, 15-16, 21-
22, 254-255, 266

Gravity, 247

Greeting cards, 272, 299, 300, 303,
304, 307, 309, 311

Grid. See Geometric grid

Ground. See Figure and ground

Group. See Symmetry group

GENERAL INDEX 351

Gruyter, W. Jos. de, 240
Griunbaum, Branko, 51, 95, 278, 296,
302, 317, 323, 324, 330

Haag, F., 22, 24, 27-29, 31, 90, 106,
288
Haagen, F. W. van der, 3
Haarlem
painted column, 244, 258, 260,
274, 313-314
studies at School of Architecture
and Decorative Arts, 3-5, 8, 41
Hague, The, 21
commissioned work in, 244, 303,
256, 258-262, 270, 274, 309-310,
312, 313
Haags Gemeentemuseum, 257
Half-turn symmetry, 5, 11, 20-21,
66, 259, 286-287, 298, 299, 308,
309, 311
Hand-printed plane-filling designs,
7, 44-52
on fabric, 10, 11, 12, 230, 271-272,
286, 298-299, 319
with hexagonal block, 52
with triangular blocks, 49, 50-51
using number schemes, 44-49
Hardy, G. H., 277
"Heaven and Hell”” pattern, 72, 324,
325
Heesch, Heinrich, 44, 323, 325
table of fundamental tiles, 326
Hexagon tiles
carved block, 52
Escher’s theorem, 56, 87, 90, 291
in Haag's paper, 24, 27-29, 90
Hofstadter, Douglas, 280-281
Hogere burgerschool (H. B. S.)
(Arnhem), 2, 3
Hoogewerff, G. J. (A. E. Drijfhout),
5-6, 12, 14
Hook, as marking. See Markings
Huff, W. S., 281
Hyperbolic tessellation. See Circle
Limit prints
Hypersymmetric tile, 278, 296, 308,
317

Icosahedron. See Verblifa

Illustration credits, iv, 335-336

Infinity, Escher’s approaches tc
254

Ingen Housz, Roosje
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Intarsia panels, 231, 266, 267-269,
270, 290, 292, 293, 306, 308-309,
319

International Congress of
Mathematicians, 103, 310

International Union of
Crystallography. See
Crystallography

Irregular plane filling, 182, 306

Isohedral tiling (defined), 95, 323
Escher’s examples, Table 1, 328
Heesch tile types, 326

Isometries, 33-34

Isosceles right triangle system,
Escher’s, 58, 68

Italy, southern, source of graphic
work, 5, 19

Jessurun de Mesquita, Samuel, 3-5,
15, 40-41, 266
Jugendstil, 40, 42

Kienzle, Otto, 44

Kist, Bastiaan (Bas), 3, 5
Kist, J. R., 255, 256
Klamkin, M., 89

Lachzug (K. Moser), 42

Laren, 15

Lattice
Escher’s, 96-97. See also Geometric
grid
translation, 96

Layered pattern, 52, 83, 87, 90, 231,
232, 233, 318, 320

Layman’s theory (Escher), 36-40, 44,
48, 50, 54-81, 95-98, 101, 112, 114,
278

Lecture illustrations, 31, 32-33, 34,
35-36

Leeuwarden, 2

Leiden Town Hall, 231, 266, 267—
269, 290, 292, 293, 296-297, 319,
320

Leonardo da Vinci, 108-109, 247

Letter puzzles. See Word puzzles

Lewis, Donald J., 278

Life-passage designs, 234, 249, 321-
322

Line designs, 46-47, 232-233, 320-
321

Linen, designs for table, 272, 287,
288, 300, 307-308

Liu, A., 89
Loeb, Arthur, 257
Loop. See Cycle

MacGillavry, Carolina H., 72, 103,
104, 110, 115, 275-276, 315

Majolica tile designs
Escher’s, 12, 85-86, 299
See also Alhambra, Ravello

Maor, Eli, 241, 278

Markings, Escher’s use of, 36-37, 57

Masatoshi, 246, 306, 307

Mediterranean voyages. See Sea
voyages

Mesquita, Samuel Jessurun de. See
Jessurun de Mesquita, Samuel

Metamorphosis, Escher’s use of, 18—
19, 30, 254-265, 266, 291-292, 313—
314

Metaphor, Escher’s work as, 254—
265, 276-281

Mezquita, La (Cérdoba), 16-17, 31-
32, 106, 300

Minimum number of colors, 55, 59—
60, 101

Ministry of Agriculture and Fisheries
(The Hague), ceiling, 270, 313

Mitla (Mexico), patterns, 31

Mondrian, Piet, 41

Moorish designs, 9, 12-13, 17, 32,
77, 82, 84-86, 92, 107, 117, 125,
288, 308
See also Alhambra, La Mezquita.

Moser, Koloman, 40, 42-43

Motif, Escher’s definition, 70, 77, 95,
325
See also Index to Drawings by
Motif, 345; Recognizable motif

Motion, geometric. See Geometric
transformations

Murals, 234, 249, 256-257, 258-262,
268-269, 274, 310, 321-322

Napoleon’s Theorem, 90

Nederlandsche Bank, De. See Bank
notes

Nieuwe Kunst, 40-41, 266

Nieuwe Meisjesschool, tiled
columns, 244, 303, 309-310, 312

Niggli, P., 80

1941-1942 notebooks. See Notebooks

Non-isohedral tiling, 229, 319

Nonperiodic plane filling, 182, 306

Notation (Escher’s) for geometric

relationships, 34-36, 38, 57-58, 61,
80-81, 115
Notebooks
abstract motif, 56, 82-93, 113, 293,
295
1941-1942, 39, 54-57, 58, 59, 60—
81, 94-98
Notes on the drawings, 284-322
Numerical arrays, patterns based on,
44-49, 53

Opposites. See Duality

Order and Chaos, 247

Overview chart, 1941-1942 notebook,
57-58, 61

Ownership information, 335-336

Panes, glass, design for, 231, 268,
320

Par-hexagon, 59, 98

Parallelogram systems, Escher’s, 58,
59, 62, 63-66

Paulus, George, 306

Penrose, Roger, 318-319

Pentagon tilings
Escher’s designs based on, 106—
107, 224-228, 288, 317-318
in Haag's paper, 24, 28

Perfect coloring, 80, 101, 102, 286,
289, 290

Periodic drawings. See Folio
notebook drawings
See also Index to Periodic Drawings
and Related Work, 346

Periodic pattern (defined), 94

Philips Company (Eindhoven),
ceiling, 270, 305

Photo credits, iv, 335-336

Picture story, 19, 255-258, 260

Plane filling 1, 182, 306

Plane symmetry group. See
Symmetry group of plane pattern

Polya, George, 22-26, 27, 29, 30-31,
80, 81, 94, 289, 290, 298

Polyhedra, 245, 246-247, 282, 295,
306

Porceleyne Fles, De, 244, 303, 306,
309, 312, 317, 318

Porthole, 18

Post Office Metamorphosis mural
(The Hague), 256-257, 258-262,
274

Postal stamps, designs with postal
horns, 52, 272, 273



Posters. See Lecture illustrations

Provinciale Waterstaat en
Planologische Dienst (Haarlem),
column, 244, 258, 260, 274, 313—
314

PTT, greeting card, 311

Puzzle, starfish, 247, 295

Quadrilateral systems, Escher’s, 39,
57-76, 97
Quelle, Die ("Flachenschmuck”), 42

Ravello, 6, 12
drawings of mosaics in, 12, 13, 106

Reciprocal ornament, 44

Recognizable motifs, use of, 7, 10,
29, 38, 41, 42, 43, 76-78, 110, 238,
287, 308

Rectangle systems, Escher’s, 58, 64—
65, 69

Recursion, 281

Recursive figure, 281

Reflection symmetry, Escher’s
notation for, 115

Reflection. See Isometries

Regelmatige vlakverdeling (1958), 76,
78, 99, 106, 259, 260, 264, 288, 289,
292, 293, 294, 296, 301-302, 303,
308, 309, 310
quoted, 21, 29, 40, 109, 243, 254,
263-264, 264-265

Regular division drawings, 106-115,
116-234
Escher’s inventory, 327
Notes on, 284-322
See also Index to Periodic Drawings
and Related Work, 346

Regular division of the plane
Escher’s definition, 22, 24, 27, 112
Escher’s use of, 236-274
See also Isohedral tiling

Reuter, Pam G., 292, 310

Reviews of Escher’s work, 3, 5-6,
10, 14, 240-241, 255

Rhombus systems, Escher’s, 58, 63,
69

Ribbon designs, printed. See Bands

Rigby, J. F., 90, 302, 305

Ringsnakes, 52

Roland Holst, R. N., 3, 40, 266

Rome, 6, 12, 14, 56, 85-86

Roosevelt, Cornelius Van S., 245,
246, 257, 301

Rotation
center of (axis of), 34
See also lsometries
Rotterdam (Boymans Museum), 103

San Gimignano, 5

Scholastica, The Terrible Adventures of,
14, 294

Schools, commissioned work. See
Tile designs

Schwarzenberger, R. L. E., 101

Scientific American cover, 289

Sea voyages, 9, 15-16, 303, 313

Secessionsstil, 40

Self-portrait of Escher, 55

Self-similar tilings, 252, 294

Senechal, Marjorie, 95, 101, 244, 324

Seville (Alcazar), 16

Shape-preserving motions. See
Isometries; see also Similarity

Shephard, Geoffrey, 51, 95, 290, 315,
323, 324, 330

Shubnikov, A. V., 99, 275

Similarity
designs, 56, 91, 167, 248, 249, 300-
301, 311, 316, 322
transformation, defined, 248

“Smaller and smaller” designs, 91,
167, 198, 248, 249-253, 254, 291,
294, 296, 305, 311, 315, 316, 321,
322

Space, perception of. See Dimension

Speiser, Andreas, 44

Sphere Spirals, 322

Spheres, regular division on, 244-
246, 296, 298, 306-307

Spiral designs, 248, 249-250, 291,
311, 316, 322

Splitting one-motif systems, 70-76,
80-81, 97-98

Square systems, Escher’s, 58, 66-68

Square tiles, combinatorial patterns
with, 44-49, 53

Starfish, puzzle, 247
on polyhedra, 247, 295

Statistics, 324-334

Stedelijk Museum (Amsterdam), 103,
310

Stellated dodecahedron, 247

Stijl, De, 41

Stolk, Aad van, 5

Strens, Eugene and Willy, greeting
cards, 299, 300, 307

Symmetric motifs, tilings with, 38,
115

GENERAL INDEX 35.

Symmetry
inventories, 326-334
of a pattern, 94, 101
teaching, use of Escher’s work,
274-277

Symmetry group of plane pattern,
23, 58-59, 94, 95, 97, 101, 284,
294, 323

Symmetry, color. See Color
symmetry

Systems of regular division of the
plane, Escher’s. See Layman’s
theory

Tables, symmetry, 326-334
Talbot, Jonathan, 282
Tapestry. See Cneudt, Edmond de
Terpstra, P., 103, 240, 275, 301
Tetrahedra, five interlocked, 247
Teuber, Marianne, 42
Theorems, Escher’s, 56, 88-90
“Theorie.” See Layman’s theory
"Theorie”’ notebooks. See Notebooks,
1941-1942
“Theorie” workbooks (copybooks),
36-39, 54, 236
Three-dimensional surfaces, regular
division on, 243-247
Tijl, Erven ]. J., 240
Tile (defined), 95
Tile designs, executed
for building facades, 268-269, 306,
312
for columns, 244-245, 274, 303,
309-310, 312, 317-318
floor for Rome apartment, 12, 56,
85, 86, 299
Tiles, combinatorial patterns with,
44-49, 54
See also Hand-printed
Tiling of the plane, isohedral
(regular), 95
Tin box icosahedron. See Verblifa
Tjeng Sit, Oey, 240
Transformations, geometric. See
Geometric transformations
Transitional systems, 39, 59-61, 62~
69, 97-98
Translation. See Isometries
Translation lattice, 96
Transversal direction (defined), >
Triangle
hand-printed patter
88

49, 50-
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Triangle (continued)
theorem on concurrent lines, 88—
89
tilings, 50-51, 54, 83, 88, 91, 108,
166, 187, 232, 293, 300, 307, 320
Triangle systems, Escher’s, 39, 79-81
Triangle, isosceles right, Escher’s
system, 58, 68
2-isohedral tiling, 70, 71-76, 324
Two-motif systems (tilings), 39, 70—
76, 80-81, 98, 101, 107, 260

Ukkel, 14, 109

Unit cell, 96-97

Use of Escher’s work by others, 274—
282

Utrecht cemetery murals, 234, 249,
274, 321-322
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Gorary.

Valais (Switzerland), cantonal flag,
238

Van Dissel, E. J. F., linen designs,
272, 288, 300, 307-308

Van Thijn’s mathematics texts, cover,
272, 273

Variants of splitting one-motif
systems, 72-76

Varnedoe, Kirk, 42

VCL (The Hague), 270, 312

Ver Sacrum, 42

Verblifa Co. icosahedron tin box,
247, 295

Viareggio, 6

Wagenaar, ]. W., 78, 262-263, 265,
279

Walch, Jan, 14

Walker, Wallace, 282

Wallcovering, design for, 296-297

Washburn, Dorothy, 101, 324

Whitehead, E. P., 277

Wiener Werkstatte, 40, 42

Wieting, Thomas W., 324

Willebois, van der Does de, Jan and
Fiet, 3, 5

Wolters, ]. B., 272, 273

Woods, H. J., 100

Word puzzles, 14, 20, 240, 255

Workbooks. See Layman’s theory

World Postal Union, 272

Wrapping-paper, 14

Yang, Chen Ning, 277, 301
“Yarn” designs, printed, 48

Zeitschrift fir Kristallographie, 21-24
Zwiers, H. T., 266
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“Many books have been written about Escher’s art. None has
approached Visions of Symmetry for its scope, scale and sumptuous-
ness. The sheer beauty and ingenuity of the pictures keep you turn-
ing the pages as though the book were a collection of detective sto-
ries whose plots are brilliantly organized patterns.”

—New Scientist

“‘How did he do it?" This absorbing book is the author’s answer: a
work that is at once a study of Escher’s art and thoughts and an
intellectual biography of the artist.”

—Choice

"Visions of Symmetry fills a gap in the literature by showing all of
|Escher’s] notebook patterns, answering the question ‘how did he do
it?,’and relating the patterns to his prints. While reading Visions of
Symmetry, this reviewer learned a considerable amount about Escher
and his periodic patterns, and even discovered a few previously
overlooked subtleties. I trust that other readers of this book will
have a similarly pleasant experience.”

—American Mathematical Monthly

“The book is a rare blend of careful and comprehensive scholarship,
readable personal biography, and fascinating and beautiful art.
You'll pick up this book again and again for different reasons.”

—Key Curriculum Magazine

“Awe-inspiring. . . .There is a lot in the book which will be new to
even devoted Escher fans. . . .The price is small compared to the
scope and interest of the work.”

—The Mathematical Gazette

“The notebooks, now published here, with extensive commentary,
contain several additions to the Escher corpus. They document
meticulously Escher’s development. A beautiful volume.”

—Nature




