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PREFACE

At the early stage of the Industrial Revolution, certain artists noted with interest the
structure and motion of mechanical parts of machines which were incorporated into their
works, forming the trend of constructivism. Of course , structure and motion could be pro-
duced otherwise, and this trend soon developed into the present-day kinetic art. Structures
differ with the materials adopted and motion could originate from flowing water and wind.
To implement the usual sequence of R&D, concept-design-making, the present author
adopted geometrically definable structures to facilitate computation and limited motion to
that produced by natural air current, creating hundreds of works, under the title of geomet-
ric mobiles.

Having gone through a career of R&D in chemical engineering, the author was happy
to come across, when retiring from R&D directorship, this hands-on/science-cum-art do-
main, and started making geometric mobiles, accumulating in 3-5 years sheaves of notes,
which he progressively organized into a text. The 9th draft of the text was printed in mime-
ograph form, which, together with the ceiling-full of his works at home, greatly impressed
visitors, some of whom suggested publication. The 11th draft was eventually published by
Chemical Industry Press in 1998 with a bilingual text, consisting of 10 chapters: proposed
constraints, physics, design, construction, rod/wire, triangles, rectangles, circles, rod/
plate, dihedrals/trihedrals. The present edition adds 4 chapters on three-dimensional mo-
bile members: folds, polyhedrons, flat strips and bottom-supported mobiles, and improves
all photographs in the prior edition.

The syllogism, concept-design-making , is based on the 5 constraints proposed by the
author which serves as the rule-of-the-game in similar manner as for chess and base ball.
The crux of the syllogism lies in quantitative design involving form and equilibrium, and it
generally takes the form of mathematical problems, which could be solved in a matter of
minutes or may call for days of thinking.

The author dedicated in all sincerity the prior edition to the youth of China, in the
hope of cultivating, outside regular curriculum, the hands-on/ science-cum-profession atti-
tude, which is the very basis for all innovation, and could be acquired only through prac-
tice and participation. However, extracurricular activities would deviate from the examina-
tion-dominated road to success, and the young people who understand algebra, geometry,
trigonometry, and analytical geometry are readying themselves for the most difficult step
toward college education and cannot afford missing.

The author wishes to express his gratitude to Science Press for publishing the present
manuscript as an interdisciplinary work involving science and art, and to Dr. Tang Qing
and Dr. Wang Ren Wei for their unstinting support and assistance.
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Autobiographical Notes
of Author

1920  born Hanyang, Hubei Province, China;
third son of British trained engineer, Z.
U. Kwauk, who produced iron and steel at
Hanyeping Ltd. , the only ferrous metals
maker in those days

1943 B.S., chemistry, University of Shanghai

1947 M. S, chemical engineering, Princeton
University; noted in dissertation research
the distinct behavior of fluidization of solid
particles with a liquid and with a gas, for
which the designations, “particulate” and
“aggregative” were proposed respectively

1946 — 1947, 1952 — 1956 Hydrocarbon Research
Inc. , New York: process development in
coal gasification, air separation, gas puri-
fication, gaseous reduction of iron ores; 3
U. S. patents

1948 - 1952 Coca-Cola Export Corporation; built
first bottling plant (New Dehli) in India;
headed laboratory in New York; received
Chesterman Award in 1950 of American
Bottlers of Carbonated Beverages for ana-
lysis of carbonation

1956 — date  Institute of Chemical Metallurgy,
Academia Sinica: professor, director
1978 - 1986, emeritus director since

1986. Research: fluidized roasting of ox-
idic Chinese iron ores for upgrading, for
separation of nonferrous metals and for
powdered iron; fluidized leaching and
washing of ores for winning nonferrous or
rare metals; proposed “generalized fluid-
ization” , and other basic concepts. Latest
books: Idealized and Bubbleless Fluid-
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ization, 1992, Science Press and Ellis
Horwood, “Fast Fluidization,” 1994, Ac-
ademic Press. Awards: twice, National Nat-
ural Science Award, second class, 1982 and
1990; International Fluidization Award,
1989, Canada. Elected 1980 Member,
Chinese Academiy of Sciences; visiting
professor (1986 — 1987 Virginia Polytech-
nic Institute and State University, 1989
Ohio State University) 1984 Davis — Swind-
in lecturer, Loughborough; 1989 Danckw-
erts lecturer, London; elected 1997 Corres-
ponding Member, Swiss Academy of Engi-
neering Science

married to Huichun Kwei, M. S., social
work, Boston University; son, Weimin,
software analyst, SCI Corp. , Huntsville,
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HOW DID | BECOME INTER-
ESTED IN MAKING
MOBILES

As a young boy I was taught by my father how to
make kites. He was an engineer, and as all engineers
do, he had his own ideas of making kites, apart from
accepted practice. Some of the kites would fly, and
some would not. This predated aerodynamics as an es-
tablished discipline in engineering, and the then hob-
byist rarely went to the extreme of giving serious stud-
ies to what he was doing.

I have since become interested in wind-driven toys
and devices. Kites were used in China for military pur-
poses as well, such as releasing lethal missiles from
high vantage points onto the enemy or reconnaisance by
hoisting observers up in the sky. A toy which is made
even to this date is the hot-air driven circus lantern,
with acrobats painted on a paper cylinder illuminated
from the inside by a lit candle, which also rotates the
cylinder by propelling a paper windmill located at the
top. Sometimes the acrobats are replaced by figurines of
spear-bearing cavaliers attached to the windmill, thus
imparting even more realistic animation.

Windmills are sometimes used in the Chinese
countryside for power, just as they are in Europe or
other parts of the world. But all these, toys and devices
used in productive activities, have been handed down
from generation to generation with the barest attention
to innovation or even improvement. To the casual ob-
server they may seem novel, but for those who have
lived with them, they are mere morsels of an old insti-
tution, established and somewhat mundane.

The Chinese also possess the inclination to pursue
the abstract. For example, the Chinese characters have
their origin in ideograms which are pictorial representa-
tions of objects, motion, or even ideas. So, as I grew
up, I became interested in engraving seals using
archaic Chinese script, and later, in designing and
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making monograms for friends and logos for confer-
ences and books. d

Mobiles, in their modern sense, caught my atten-
tion when I lived in the United States in my younger
years. Sporadically I made weak attempts at designing
and making mobiles, but my efforts proved to be rath-
er futile, especially in my later years, when as director
of research, T felt myself almost constantly on call
during all my waking hours. Now that I am retired
from active duties, I begin to have the luxury of leis-
ure and have taken up mobile-making as a continuation
of what I relinquished in my younger years.

Since my retirement as director of research in late
1986, I started a somewhat systematic effort at making
mobiles. In about two years I had accumulated about
two dozen prototypes of my own design, and had for-
mulated a set of rules, or “constraints” , for conceptu-
alization, design, mathematical modeling and con-
struction. From the ample notes that I kept for what I
had made, I wrote, in early 1989, the first draft of
this book, and in 1993, T printed 100 copies of my
10th draft. The 11th draft was published by Chemical
Industry Press in 1998, and the present 12th draft con-
tains improvements in text and figures, additional ex-
amples of design, as well as new ideas on balancing
and stringup of mobile members.

As I see it, the attraction of mobiles lies in their
abstraction in shape, irregularity in motion and yet a
deterministic approach in design. Whenever mathemati-
cal formulation is possible, mobiles represent the ob-
jective realization of a designer’s endeavour at creating
shape and motion in harmony with given sets of con-

straints.
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PROPOSED CONSTRAINTS

In developing the mobiles described in this book,
certain self-imposed rules have been observed to
accentuate the concept of shape and motion in space:

(1)

(2)

shapes of mobile members to be geometrically
definable.

materials limited to rod/wire and plate/sheet
with no extraneous ornamentation except
high-quality surface finish.

(3) jigsaw layout of mobile members to minimize

(4)

waste of materials and to further highlight the
uniqueness of geometrically definable mem-
bers.

balancing of mobile members to be modeled
mathematically which is facilitated by the use
of geometrically definable members, thus
adding another dimension to the aesthetics of
mobile-making, namely, intellectual fulfil-
ment.

(5) all mobiles driven by normal air current

indoors-preferably by body movement or
breathing of an observer standing nearby-and
none to be engineered to withstand gale or
hurricane outdoors.



