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HOW DID I BECOME INTERESTED
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 established discipline
in engineering, and the then hobbyist rarely went
to the extreme of giving serious studies to what he
was doing.

I have since become interested in
wind-driven toys and devices. Kites were used in
China for military purposes 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 cavalliers 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 observer they may
seem novel, but for those who have lived with
them, they are mere morsels of an old institution,
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 representations of objects, motion, or
even ideas. So, as I grew up, I became interested
in engraving seals using archaic Chinese script, and
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later, in designing and making monograms for
friends and logos for conferences and books.

Mobiles, in their modern sense, caught my
attention 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 rather futile, especially in my later
years, when as director of research, I felt myself
almost constantly on call during all my waking
hours. Now that 1 am retired from active duties, 1
begin to have the luxury of leisure 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 somwhat systematic effort
at making mobiles. In about two years I had
accumulated about two dozen prototypes of my
own design, and had formulated a set of rules, or
"constraints," for conceptualization, design,
mathematical modeling and construction. 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, I printed 100 copies of my 10th draft.
The present 11th draft contains improvements in
text and figures, additional examples of design, as
well as new ideas on balancing and stringup of
mobile members.

As 1 see it, the attraction of mobiles lies in
their abstraction in shape, irregularity in motion
and yet a deterministic approach in design.
Whenever mathematical formulation is possible,
mobiles represent the objective realization of a
designer's endeavour at creating shape and motion
in harmony with given sets of constraints.

Coming from a nonartist background, and,
perhaps, from a different culture, I came to know
the names of the accomplished meisters in
mobile-making very late in my life, and began to
admire the creative genius of Alexander Calder and
George Rickey only during my very recent visits in
the United States.
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PROPOSED CONSTRAINTS |2 &

In developing the mobiles described in this . 1= e
book, certain self-imposed rules have been i“x‘j‘mz‘é@lﬁﬁ’fvfjﬁ’ E‘] ’f{ J-
observed to accentuate the concept of shape BHARMN, RT B AHRAEHGH
and motion in space: &
B shapes of mobile members to be .
geometrically definable o HRLINA e AT LT R
® materials limited to rod/wire and . )
plate/sheet with no extraneous o MARTH EHIMK,AMH, KT
ornamentation except high-quality BFAT, Rmh HFMHLR LS
surface finish
B jigsaw layout of mobile members « . ,
to minimize waste of materials and ¢ 'b Chen {w&ﬁm&jﬁ’ & ‘Tﬁ‘&
to further highlight the uniqueness Rk A, aihfedtm Bk
of geometrically definable members
@ balancing of mobile members to be - . .
modeled mathematically which is * 19? ‘Z:ﬁ‘ﬁ-é{r‘?-#r# n %& FRb, &
facilitated by the use of geometrically LR D FiE Sy

definable members, thus adding
another diemension to the aesthetics

of mobile-making, namely, intellectual o ENKF), BRIAE GG PR Ao
fulfilment BB HRRB S, TA BT
A LIER GG TAZ 5k

® 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




PHYSICS

A mobile normally consists of a train of
similar members, and the mobile designer is
concerned with two principal aspects of the
physics of a mobile train:

® statics for balancing single members and
their mathematical formulation

8 dynamics of swing of the members

Static balancing of any single member of
a mobile train is determined by two points:
the point for the center of gravity (CG) of the
member and the point of support (S) at which
the member is suspended from above or
supported from below. Figure Ph-1.1 shows
a member supported af the center of gravity,
S = CG. This is a meta-stable state, for the
member can be revolved to any position in
space around S=CG as the center. Figure
Ph-1.2 shows the unstable state for which a
member is supported at a point directly below
the center of gravity. Under this condition,
the member will turn 180° to reverse the
relative position between S and CG. Figure
Ph-1.3 shows the stable condition when S lies
above CG, at which the member will assume
the horizontal position shown so that S
remains directly above CG. If, however, S is
at an angle @ toward the upper left hand side
of CG, then the member will assume an
inclined position # from the vertical.

If a member, stably balanced at a horizontal
position, shown in Figure Ph-2, is displaced by
an outside force through an angle 8, then there
will be a torque equal to (/ m g sinf) tending
to restore the member to its original position
when the outside force is released. Here /is
the distance between S and CG, m the mass of
the member and g the gravitational constant. It
can be seen that the farther is S removed from
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tastable
1.8 at CG L ®@s.CcG ! me

CG unstable-will turn 180°
2.8 below CG [ QY J
S .
3.8 above CG L OCG I stable horizontal
‘9
4.8 at angle 6 aboveCG \w\/“\
i . .
T stable slanting at @ from vertical
Figure Ph-1 Static Balancing of a Single Mobile Member
Figure Ph-2 Restoring Moment of a Displaced Mobile Member
x x T
a
xr=ae ¥
t ¢
- a
1. no damping 2. slight damping 3. marked damping

Figure Ph-3 Damping of Swinging Motion of a Single Mobile Member
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CG, that is, the larger is the distance /, then the UHT R, kit Ppiik §R,
greater is this restoring torque. If, therefore, HERBKG E, R, wRXRRY
it is desired for the displaced member to return Btk HiEH, ELR G L, &
quickly to its original stable position, then a 2o 2 3 5yt

large value of / should be chosen. On the PRI, S 2BRF CC R,
other hand, if the displaced member is desired

to drift slowly to its original position, then /

should be small, that is, S should be only

slightly above CG.

In practice, the restoring action is in e . .
general Sowed down dynarr%cally by air iz L, KIEHEF LT
resistance against the moving member, in what AMFIRGEL; B, ZRRALT
is known as damping, and yet it could be ikt FIEF, XAERTRA T HES
augmented by any external force which may be AKX Ak
wind-driven in origin. This is shown in the
following equation of motion for the swinging

member:
d%x dx
— = 2y — - &x + Psin@)
d¢ dt
[ ] 1 i ( _ 1 _
acceleration  damping gravity external
i [J:973 k) I

In the above equation, x denotes displacement
and f time. The general solution of this

EXF oz A4, tARE, Z-FH

differential equation is S FARGGIEMA
P
x= sin(pt - 1) + a exp(-pf)sin(ax + €)
V(& - p°Y + Qup)']
{ B |
forced %4 intrinsic P ¥

Figure Ph-3 shows the effect of damping = e _
through air resistance on the periodic swinging ; B Ph-3 Aw T E A H _ /"\'i%
motion of a single member. In Figure Ph-3.1, e tegt RAER . B Ph-3.1 RRES)
the motion is not damped at all, that 1s /=0, AZME, B pu=0 EFEEELRN
and the amplitude of the swinging motion is W3 afh, B Ph-3.2 AR AN, 3E
seen to remain constant at the value a. Figure 06 A M Az e st HIRE, B

Ph-3.2 shows slight damping with a - N .
progressive decrease in the amplitude of swing Ph-3.3 Rl R AKX H a9t T, LR

diminishing with time as x = a exp(-#), while FHpRET—-A7GE£, Qisatt
in Figure Ph-3.3, damping progresses much iy k& A7,



faster when the value of u is higher. The
damping constant  is dependent, among other
factors, on the surface area of the member.

Figure Ph-4 shows the effect of the
frequency of the external force on swinging.
It can be seen from the figure that as the
frequency p of the external force approaches
the intrinsic frequency w of the system, the
amplitude A of the swinging member increases
to a maximum at p = @. The amount of this
increase is governed by the damping constant
4, the higher the value of u the less
pronounced is this augmentation. Although it
is important to understand what effect the
frequency of the external force has upon the
amplitude of swinging, the external force in
mobile-making is rarely periodic.

It is evident also that the motivating force
for setting a mobile train in motion is generally
aerodynamic and thus shares the same nature
as damping. Thus the contradiction arises that
easy initiation of motion is often accompanied
by effective damping. It therefore remains for
the ingenuity of the mobile designer as to the
proper choice of some optimal value of u for
his mobile to execute the motion he has in
mind.

A=P/V(w® - pDY + (2pp )]

=

o

B Ph-4 R B MWL) a4z
R BT, LI HHRp b
HE PR w $FE K, 69 2SI
B ANGRXA, EHREGEE L
BRBEERETFHRATSR 4, 4 A8
b Wﬁﬂ'l‘. i!&MYJ#‘iiﬁ': ﬁ.'f”
& T ML) R IR 48R 4G ol 12
HEPELTHE, St —RHELHA
M,

TRA R BB LG
AR, CARFRTHRACENGI N,
URTHE—FPRE: HHFHE, L
LRI, LR TRERE L
EH R, RARAZITAHPLiE
.,

/

0

w

P=w
Figure Ph-4 Effect of Frequency of External Force on Swinging



DESIGN TECHNIQUE

Making mobiles consists first of all the
conceptualization and design of forms in
motion. The forms we are dealing with are
inanimate and geometric, and their motion
spatial and random for each individual member
of a mobile train, yet coordinated with respect
to one another. The geometric forms are
easily definable — lines, triangles, rectangles
(including squares and their deformed kin, the
rhomb) and circles (including rings and
sectors). The assemblage of mobile members
is generally mathematically ordered with
respect to length, size and/or shape, to form a
train, which is designed to possess certain
characteristic motion in space. This
mathematical ordering has its root in aesthetics
but must be subject to the law of statics in
balancing the members. Figure D-1 illustrates
certain concepts of this mathematical ordering
of mobile members: identical, log-sized,
shape-ordered, etc.

Geometric mobiles define a realm of
abstract art in motion, directed to concept in
space and motion, and is therefore not
supposed to imitate objects belonging to other
realms of existence, for instance, animals. This
applies particularly to the naming of mobiles.
Mathematical analysis employed in designing
mobiles is expected to yield simple analytic
formulations for easy computation. Rendition
of the concept and design of forms in motion,
calls for craftsmanship in the fabrication of
mobiles with precision and care in following as
closely as possible computed results.

i#it
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Figure D-1

Mathematical Ordering of Mobile Members
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Layout/Stringup

First of all, the geometric shapes need
to be cut from some parent material, which,
for the present book, will be limited to rod
and wire as one category and plate and sheet
as the other. Cutting these geometric shapes
will be referred to as "layout," and the layout
scheme will be subject to the jigsaw
constraint already mentioned. One aspect of
excellence in mobile layout is not only the
maximal utilization of material, but the
capability of re-assembling the cut members
to form a geometrically definable parent
geometric shape. Some examples of layout of
mobile members are given in Figure D-2:

ROD/WIRE:
equal lengths; lengths ordered to
certain mathematical formulation;

curves, S-bends; 4-sided bends

PLATE/SHEET:

Triangles: from a parent triangle
{equilateral or otherwise); from a
rectangle (having different length-
to-breadth ratios)

Rectangles: rectangles from a parent
rectangle; squares from a parent
square; "L's" from a parent square
or a parent rectangle

Circles: disks from the quadrants of
a square; rings (concentric or
eccentric, up to the extreme of
sharing a common point of tan-
gency); sectors from part of a disk
(concentric or eccentric); disk to-
gether with its non-centric sector
cutouts

In order to minimize waste, the size of a

mobile is preferably tailored to the dimension
of the available material. For that purpose, all

10
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