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Crystalline rutile in quartz

Figure 11.23 Crystalline solids come in a variety of forms and colors. (a) Calcite,
(b) fluorite twin crystals, (¢) quartz. (Runk, Schoenberger/Grant Heilman Photography)
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“. But I must speak again about crystals, shapes, colors.
There are crystals as huge as the colonnade of a cathedral, soft
as mould, prickly as thorns; pure, azure, green, like nothing else
in the world, fiery, black; mathematically exact, complete, like
constructions by crazy, capricious scientists, or reminiscent of
the liver, the heart... There are crystal grottos, monstrous
bubbles of mineral mass, there is fermentation, fusion, growth of
minerals, architecture and engineering art... Even in human life
there is a hidden force towards crystallization. Egypt crystal-
lizes in pyramids and obelisks, Greece in columns; the middle
ages in vials; London in grinny cubes... Like secret mathemati-
cal flashes of lightning the countless laws of construction
penetrate the matter. To equal nature it is necessary to be
mathematically and geometrically exact. Number and phan-



tasy, law and abundance - these are the living, creative strengths
of nature; not to sit under a green tree but to create crystals and
to form ideas, that is what it means to be at one with nature!”
These are the words of Karel Capek the Czech writer after his
visit to the mineral collection of the British Museum [9-18].
He added a drawing (Fig. 9-1) to his words to express man’s
humility in front of these miracles of nature.

Figure 9-1.

Capek’s drawing after his visit
to the mineral collection of
the British Museum [9-18].
Reproduced with permission.

The word crystal comes from the Greek £rystallos meaning
clear ice. The name originated from the mistaken belief that the
beautiful transparent quartz stones found in the Alps were
formed from water at extremely low temperatures. Later, by the
seventeenth century the name crystal was applied to other
solids that were also bounded by many flat faces and had
generally beautiful symmetrical shapes. Crystals have also for
centuries been considered mystical. A sad angel looks hope-
lessly at the huge rhombohedric crystal in Diirer’s “Melancho-
lia> (Fig. 9-2). The polyhedron in the picture is a truncated
rhombohedron, and there has been considerable discussion as
to whether Diirer meant a particular mineral by it and if so
which one [9-4, 9-5]. The emerging opinion is that this poly-
hedron “is simply an exercise in accurate draughtsmanship and
that the art historians have made rather heavy weather of its
explanation... The integral proportions show that no particular
mineral was intended” [9-5]. Diirer’s drawings have been
carefully analyzed by Schréder [9-6] who “has satisfactorily
settled the matter with a technological rather than a mystical
explanation” [9-5].



Figure 9-2.
Diirer: “Melancholia”
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Figure 3.1 Shown here are images of seven indi- Figure 3.2 Image of the surface of silicon, producec
vidual uranium atoms (the colored spots with red- by a scanning tunneling microscope. The blue spots
orange centers). The images are made with an are individual silicon atoms, which are arranged in a
electron microscope. The atoms are in the form of regular pattern that repeats itself across the surface.
a compound called uranyl acetate and are pictured Images such as this aid our understanding of the

on an extremely thin carbon layer that appears black  surface structure of many different matenals; silicon,
in this photograph. The atoms are (.34 nm apart. in particular, is a material of vital significance to the
[Courtesy of M. Isaacson, Cornell University, and sémiconductor and computer industries. [Courtesy
M. Ohtsuki, The University of Chicago.| of IBM Thomas J. Watson Research Center, NY.]
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Figure 3.9 An early ex-
ample of the use of X rays
in medicine. Professor
Michael Purpin of Colum-
bia University made this
X ray in 1896 to aid in
the removal by surgery of
gunshot pellets (the dark
spots) from the hand of a
patient. [Courtesy of
Burndy Library, Norwalk,
G
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Figure 2-4

Graphite (lefr) and diamond (right) are two dramatically different forms of carbon.

Graphite is a soft, grayish-black, flaky solid that conducts electricity; diamond consists

of very hard, transparent crystals that are nonconductors of electricity. Both graphite and
diamond are now extensively synthesized.
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Figure 11.29 Crystals of
NaCl, showing well-defined
crystal planes based on the
underlying cubic structure.
(Dr. E. R. Degginger)
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Figure 2-42.

Snowflake photomicrographs
by Bentley, after Bentley and
Humphreys [2-19].

Figure 2-33.
Flower displaying 5 - m sym-
metry. Photograph by the
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Figure 2-1.

Egyptian sculpture emphasiz-
ing bilateral symmetry from
B.C. 2720. Photo of Lehnert
& Landrock Art Publishers,
Cairo. Used by permission.
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Figure 2-3.

M. C. Escher: “Curl-up”.
Collection Haags Gemeente-
museum - The Hague. Repro-
duced with permission.

© M. C. Escher Heirs ¢/o

Cordon Art — Baarn - Holland.

Figure 2-4.

Accidental bilateral symmetry
of trees.

(a) “Tree near Aveley, Essex’,
photograph used by kind
permission of C.T. Ballard.
(b) Photograph by the
authors.
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Figure 2-5.

Man-made bilateral symmetry
of a tree. Photograph by the
authors,

Figure 2-6.

Approximate radial and
conical symmetries in trees.
Photographs by the authors.
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Figure 2-9.

The bilateral symmetry of the
human face as indicated by
artists

(a) Henri Matisse: “Woman’s
portrait”. Reproduction by
permission of The Hermitage,
Leningrad.

(b) George Buday: “Miklés
Radnéti’, wood-cut, 1969.
Reproduced by kind permis-
sion of George Buday, R. E,

(c) Jens Barcsay: “Woman's
head’, 1961. Reproduced by
permission.

Figure 2-10.

Eszter Hargittai in front of a
shop-window (1980). Photo-
graph by the authors.
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Figure 2-11.

Sculpture from the Charles
bridge, Prague. Photograph by
the authors.



Figure 2-14.

(a) Salt columns in the Dead
Sea. Drawing by Ferenc Lantos
after a color slide of Palphot,
Ltd., Herzlia, Israel.

(b) Calcium carbonate stalac-
tites and stalagmites in a cave.
Photographs by the authors.

Figure 2-15 (b) Directionally solidified
gu ' iron dendrites from an iron-
copper alloy after dissolving
away the copper, magnifica-
tion x 2600. Courtesy of Dr.
J. Morral, The University of
1983. : p ’
Connecticut, 1984.

(a) Electrolytically deposited
copper, magnification x 1000.
Courtesy of Dr. Maria Kazi-

nets, University of Beersheva,
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(b) Bartok: “Microcosmos,
Unisono No. 6.

b (papr o PP trar  Fapr tpa |

Figure 2-18.

Edge-on view of a typical
galaxy and other galaxies in
gradually more tilted posi-
tions [2-9]. Reproduced by
kind permission of R. Jastrow.

NGC 4565 Viewed edge-on

NGC 4216 Tilted 15 degrees

NGC 5457 Viewed face-on
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Figure 2-19.
Double-headed eagles.
Photographs by the authors.

(a) The Habsburg eagle (from
Prague).

Figure 2-20.

(a) The contour of yin yang
- the principal motif of the
South Korean coat of arms.

(b) The trademark of a
Hungarian washing machine
company HAJDUSAGI
IPARMUVEK.

Figure 2-21.

(a) Two-fold rotational
symmetry displayed by a

HAIDLU

Washington, D.C., sculpture of
two interweaving fish. Photo-

graph by the authors.

(b) The Romanov eagle (from Irkutsk).

(¢) Taiwanese stamp.

(b} Three-fold rotational sym
metry displayed by a Prague
sculpture of three interwea
ving fish. Photograph by the
authors.
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Figure 2-22.

(a) Three-blade propeller.
(b) Window decoration with
three-fold rotational sym-
metry in an ancient Italian
town. Photograph by the
authors.

Figure 2-23.

(a) Children’s toy pinwheel.

(b) John Heartfield: “Blut und
Eisen’, 1934 [2-11]. Reproduced
by permission from Verlag der
Kunst, Dresden. All rights
reserved.

Dar aolte Wahlspruch im ,nesuen™ Relah:

BLUT UND EISEN

(d) American Indian (South- (e) Friendship quilt displaying
ern Appalachian) decoration oak leaf wreath [2-13].
(c) Rosette on the regalia of [2-12].

the first Hungarian king.

Figure 2-24.

(a) Jellyfish with four-fold
rotational symmetry; Aurelia
insulinda, after [2-6].

(b) Flower with four-fold rota-
tional symmetry; Vinca minor,
photograph by the authors.
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Figure 2-25.

Flowers in a stone-carving on
old ruins along Via Appia
Antica in Rome. The left one
has only (four-fold) rotational
symmetry while the right one
has a combination of a rota-
tion axis and its intersecting
symmetry planes. Photograph
by the authors.

Figure 2-26.

Flowers with exclusively five-
fold rotational symmetry.

(a) Vinca minor from Hungary.
Photograph by the authors.

(b) Frangipani (Plumeria apo-
cynacea) from Hawaii. Photo-
graph courtesy of John Tucker,
Willimantic Photo Club, 1984.

Figure 2-27.

(a) Star of David. New York,
NY, 5 Avenue and W 65
Street. Photograph by the
authors.

(b) Six-blade windmill.
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Figure 2-30.

Decorations with rotational
symmetry only, from Pueblo
Indian pottery design [2-14].
Courtesy and copyright 1977
by the President and Fellows
of Harvard College. The origi-
nal designs were drawn by
Sarah Whitney Powell and
Barbara Westman.

Figure 2-31.

Norwegian tulip: example of a
three-fold rotational axis at the
intersection of the symmetry
planes. Note the similarity to
the right-hand flower on the
Via Appia Antica ruins of

Fig. 2-25. Photograph by the
authors.
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Figure 2-32.

Starfish and other primitive
organisms possessing a five-
fold rotational symmetry axis.
The axis may or may not
have symmetry planes inter-
secting it; Hickel [2-15].

Figure 2-33.

Flower displaying 5 m sym-
metry. Photograph by the
authors.
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Figure 2-34.
Rotating bicone and cylinder
possessing © : 7z symmetry.
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Figure 2-35.
Prisms, bipyramids, bicone,
eylinder, ellipsoid; examples of

mnim symmetry.
A @

G

There are no symmetry elements (except the one-fold rota-
tion axis, or identity, of course). Some examples are shown in
Fig. 3-8.
Figure 3-8. Cl 0

H
F \
C} symmetry: no symmetry H\ / F\ /
C C.
H

elements except the one-fold C—
rotation axis (C} symmetry is

\ H
Cl Br

asymmetry). H

G,
One two-fold rotation axis. Examples: Fig. 3-9a.

Oy, Cy Cs G
One three-fold, four-fold, five-fold, six-fold rotation axis,
respectively. Examples: Fig. 3-9b-e.

Figure 3-9, F
(a) C5. Logos: Security First c
National Bank, California

(left) and United Banks of :
Colorado. Source of logos d
[3-7(a)].

(b) Cs. Logos: Pittsburgh
National Bank (left) and
Woolmark [3-7(a)].

[3)-rotane
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(c) C4. Logo: Chase Man-
hattan Bank [3-7(a)].

" [&)-rotane
(d) Cs. Logo: First American

National Bank, Tennessee r
BT ‘ ‘

[5l-rotane

(e) Cs. Logo: Crocker Bank

[3-7(a)].
[6]-rotane
G
Center of symmetry. Examples: Fig. 3-10.
H / cl T H
Figure 3-10. C“""c-—_ﬁc/ e
c ~~Cl H/ \CI
: [ ) T
Br H Br

o
One symmetry plane. Examples: Fig. 3-11.

Figure 3-11.

€, The picture shows the tail
of a whale, off Plymouth, MA.
Photograph by the authors.
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ks‘.‘
One four-fold mirror-rotation axis. Example: Fig. 3-12a.

S!'l
One six-fold mirror-rotation axis, which is, of course, equiva-
lent to one three-fold rotation axis plus center of symmetry.

Example: Fig. 3-12b.

Figure 3-12. (b) S.

a) Sq.

0 0
H3C/ \Si/ \CHs
H3C\CJ/\O/CH3
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