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Unit One
Text A

Chaos Theory': the Mathematics of Chaos

Why are tides predictable years ahead, whereas weather forecasts of-
ten go wrong within a few days?

Both tides and weather are governed by natural laws. Tides are
caused by the gravitational attraction of the Sun and the Moon; the weath-
er by the motion of the atmosphere under the influence of heat from the
Sun. The law of gravitation 1s not noticeably simpler than the laws of fluid
dynammcs; vet for weather the resulting behavior seems to be far more
complicated . {

The reason for this is “chaos”, which lies at the heart of one of the
most exciting and most rapidly expanding areas of mathematical research,

the theory of nonlinear dynamic systems.
Random behavior in dynamic systems

It has been known for a long time that dynamic systems——systems
that change with time according to fixed laws—can exhibit regular pat-
terns, such as repetitive cycles. Thanks to new mathematical techniques,
emphasizing shape rather than number, and to fast and sophisticated com-
puter graphics’ , we now know that dynamic systems can also behave ran-
domly. The difference lies not 1 the complexity of the formulae that de-
fine their mathematics, but in the geometrical features of the dynamics.

This is a remarkable discovery: random behavior in a system whose math-
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ematical description contains no hint whatsoever of randomness.

Simple geometric structure produces simple dynamics. For example,
if the geometry shrinks everything towards a fixed point, then the motion
tends towards a steady state. But if the dynamics keep stretching things
apart and then folding them together again, the motion tends to be chaot-
ic—like food being mixed in a bowl.

The motion of the Sun and the Moon, on the kind of timescale that
matters when we want to predict the tides, 1s a series of regular cycles, so
prediction 1s easy. The changing patterns of the weather involve a great
deal of stretching and folding, so here chaos reigns.

Fractals

The geometry of chaos can be explored using theoretical mathemati-
cal techmques such as topology— “rubber-sheet geometry”—but the
most vivid pictures are obtained using computer graphics. The geometric
structures of chaos are “fractals” : they have detailed form on all scales of
magnification. Order and chaos, traditionally seen as opposites, are now
viewed as two aspects of the same basic process, the evolution of a system
mn time. Indeed, there are now examples where both order and chaos oc-

cur naturally within a single geometnical form.
Predicting the unpredictable

Does chaos make randomness predictable? Sometimes. If what looks
like random behavior 1s actually governed by a dynamic system, then
short-term prediction becomes possible. Long-term prediction 1s not as
easy, however. In chaotic systems any initial error of measurement, how-
ever small, will grow rapidly and eventually rum the prediction. This 1s
known as the butterfly effect: if a butterfly flaps 1ts wings, a month later
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the air disturbance created may cause a hurncane.

Chaos can be applied to many areas of science, such as ¢ hemusiry,
engineering, computer science, biology, electronics, and astionomy. For
example, although the short-term motions of the Sun and Moon are not
chaotic, the long-term motion of the Solar System is chaotic. It 1s 1mpos-
sible to predict on which side of the Sun Pluto will lie m 200 milion
years’ time. Saturn’s satellite Hyperion tumbles chaotically .

Chaos caused by Jupiter’s gravitational field can fling asteroids out of
orbit towards the Earth. Disease epidemics, locust plagues, and wrregular
heartbeats are more down-to-earth examples of chaos, on a more human

timescale.

Making sense of chaos

Chaos places hmuts on science: 1t mmplies that even when we know
the equations that govemn a system’s behavior, we mav not in practice be
able to make effective predictions. On the other hand, 1t opens up new
avenues for discovery, because 1t imphes that apparently random phenom-
ena may have simple, non-random explanations.

So chaos 1s changing the wav scientists think about what they do:
the relation between determimism and chance, the role of experiment, the
computability of the world, the prospects for prediction, and the nterac-
bion between mathematics, science, and nature Chaos cuts nght across
traditional subject boundanes, and distinctions between pure and applied
mathematicians, between mathematicians and phyvsicists, between physi-
cists and biologists, become meaningless when compared to the umty re-

vealed by their joint efforts.
{703 words)
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New Words

O 00 3 N v A W N ==

)
=

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

2]

. gravitational edy. (related to gravity) 5| 71
. nonlinear adj. IFLHEM

. geometnical adj. JLFT%¥H)

. topology n. #H¥h#¥

. magnificabon n. B KE, BKMEH

evolution n. #E{L5
Pluto n. EX &

. Jupiter n. AE

Satum n. B

. Hyperon n. WIS (FWHE, FHRERXH Unanus FI1K

Gaea B JLF, KPHM Helios XE), A INLETEZ
—%

asteroid n. /MTE

timescale n. (F{T XERKR—BEAHEA) B bR
sophisticated adj. B A28, HEH

graphic ady. BERH), BEH, 2EH

reign v. AEE, &Kk

fractal n. 7, (ELZBIAFPERRTSHALMER )
humcane n. B8R,

tumble v . &L 3h

fling v. 2

epidemic n. f& Y%

down-to-earth ady B AY, B‘EWB‘J-
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Phrases and Expressions

1. fluid dynamics: i 1%
2. locust plagues: ¥ #1KF

Notes

1. Chaos Theory: TRIEHEIL

2. +--and to fast and sophisticated computer graphics: “and to” = “and
thanks to” .

3. rubber-sheet geometry: MM &L, FIMLAIFE, REE “EE
JLT%E” (geometry of distortion) o

Exercises

I Multiple Choice:
Choose A, B, C, or D to complete each unfimshed statement, mak-

ing it closest in meaning to the relevant parts of the text.
1) The term “fluid dynamics” refers to

A. a simple theory

B. the law of gravitation

C. a complicated theory in physics

D. the factor that influences weather
2) According to the theory of nonlinear dynamic system,

A. we found no hint of randomness in mathematics

B. the system with regular pattems can also exhibit randomness

C. dynamic systems are random
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D. dynamic svstems are not in line with their mathematical description
3) Which of the following phenomena shows chaos?

A . Weather forecasts often go wrong.

B. Asteroids of Jupiter may heat the earth.

C Irregular heartbeats.

D. All of the above.
4) By the term “butterfly effect”, the author is trying to tell us that

A. small carelessness may lead to a big mistake
B. long-term prediction of a chaotic system 1s difficult to make
C. butterflies have powerful wings
D. hurricane 1s usually caused by shght air disturbance
5) The relation between order and chaos can be described as
A. two alternating factors in a same matter
B. two opposite aspects that compel each other
C factors that co-existing in the same process
D. two factors that often appear in time
6) Chaos theorv brings challenge to traditional science mn that
A. it proves that equations are not always effective in making predic-
tions
B. 1t limits the development of science
C. 1t bnngs explanation to random phenomena
D. it disagrees with the existing equations
7) According to the passage, determinism
A, doesn’t exist
B means the same as chance
C. i an umportant part in experiment

D. 1s not so absolute as it used to be
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8) Which of the following statements is not true?
A. One can not draw a definite conclusion even after experiments.
B. There’s no clear distinction betwee 1 mathematics and biology .
C. In new mathematical techniques, number 1s more important than
shape.
D. The result of mathematical calculation 1s not always reliable.
II. Cloze:
Fill in the blanks with the words or phrases given below:

content, dictates, overall, complex, modelling, flud, dynamic,

concepts, lays, differential, contrary, formulae, until, therefore,

different, process, minor, evolution, multiply, contract, deviations

Generally, chaos is the study of forever changing __1__ systems
based on mathematical 2  of recursion, whether in the form of a re-

curstve _3  or a set of __4 _ equations _ 5 _ a physical system.

6__ to popular belief, the chaos theory is not about disorder. The cha-

os theory __ 7 emphasis on the universal behavior of similar systems.

The chaos theory _ 8 that _ 9  changes can cause huge fluctuations.

Small 10 from the original system __11  multiply themselves re-
peatedly _ 12 numbers are entirely different to the original system.
13 _, both systems will have entirely 14 _ values at any given

time, but the 15  behavior of the system will be the same.

[l . Sentence Translation:

A. Translate the following English sentences into Chiese:

1) The law of gravitation 1s not noticeably simpler than the laws of fluid
dynamics; yet for weather the resulting behavior seems to be far more
complicated .

2) This 1s a remarkable discovery: random behavior m a system whose
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mathematical description contains no hint whatsoever of randomness.

3) Order and chaos, traditionally seen as opposites, are now viewed as
two aspects of the same basic process, the evolution of a system in
time.

4) Disease epidemics, locust plagues, and irregular heartbeats are more
down-to-earth examples of chaos, on a more human timescale .

5) Chaos cuts right across traditional subject boundaries, and distinctions
between pure and applied mathematicians, between mathematicians
and physicists, between physicists and biologists, become meaningless
when compared to the unity revealed by their joint efforts.

B. Translate the following Chinese sentences into English:

1) BPRHAEMARROE ARSI, RN EE KB
PR RSB S B BUAY

2) REKEMEAB RAKRBHHMEMBEEE, AEERAR
WHEIERBR,

3) ARMWARFEMTELNWMRE, FiL AW/, 7
BER S K R SR D IR

4) EFRMERCERRIERERBNR—TEATREMN,

5) BMERMNABEHEXREEHNER, EXBRD, RIEF
REAER A BHI AW,

IV. Oral Practice:

Explain the following words or phrases according to what you have

leamed in the text. ‘

1) chaos theory

2) flud dynamics

3) topology

4) rubber-sheet geometry
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5) butterfly effect '

Text B
Floating Frogs

Magnets help luwing orgamusms defy gravity .
by Corinna Wu

Asked to think of an animal that can fly, most people don't picture’
a frog. Nonetheless, in April, a team of British and Dutch researchers
announced success in levitation a live frog by using a powerful magnet.
According to one of the human observers, the frog emerged from the flight
unharmed and “happily jomned his fellow frogs in a biology department.”

The amusing video 1mage of the frog hovering in midair circulated
widely and captured many people’s fancy. The researchers received letters
from all over the world inquiring about the demonstration. Their favorite
came from the leader of a church who wanted to levitate himself to attract
new members. “We have the One True Word” to save the world,” the let-
ter read, “but we have to do magic tricks to get the people to listen.”

The seeming ability to defy gravity is what delights most people, but
the demonstration also highlights a more subtle idea that is often over-
looked in everyday life that many objects considered nonmagnetic do, in
fact, possess magnetic properties. The water, proteins, and organic mol-
ecules that make up frogs and other living things are diamagnetic, which
means that in the presence of a magnetic field they become weakly magne-
tized n such a way as to oppose the apphed field.

Diamagnetism 1s what allowed the researchers to float the frog. Sci-
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entists are now looking into this phenomenon to simulate zero gravity and
thus provide a low-cost substitute for expennments now possible only m
outer space. They plan to tease out how the absence of gravity affects bio-
logical systems, especially developing embryos.

The National Aeronautics and Space Administration’s’ obvious inter-
est in low-gravity situations has fueled the myth that astronauts prepare for
their missions in a top-secret antigravity chamber. Accordingly, many
visitors 10 the Johnson Space Center' in Houston are disappointed to find
that NASA’s low-gravity chamber is nothing more than a large swimming
pool .

A pool 1s one of the few ways to simulate low gravity on Earth. As-
tronauts traiming for a mission wear weights to achieve what they call neu-
tral buoyancy, a position under the water but not touching the pool bot-
tom. Underwater suspension doesn’t truly mimic weightlessness’, howev-
er, says James M. Valles Jr., a physicist at Brown University in Provi-
dence, R.1.° The water still pushes on the body, so the cells contmue to
expenence stresses due to gravity .

Another low-gravity method mvolves an airplane nicknamed “the
Vomit Comet,” which flies up and down roller-coaster-style. The quick
transitions from climbs to descents provide about half a minute of weight-
lessness at the top of each arc. Lengthier low-gravity experiments must be
performed on the Space Shuttle or another such station in orbit.

Magnets can levitate small objects without the need for space flight.
A popular toy known as a Levitron keeps a spinning top afloat above a
special base. The permanent magnets in the top and the base are oriented
so that similar poles—either two north or two south poles-point toward
each other and therefore repel. That repulsive force makes it possible for
the top to spin in midair.



Unit One i1
Edge And Trend

With the advent of high-temperature superconductors, magnetic levi-
tation of nonmagnetic material became an easy tabletop demonstration too.
A chunk of superconductor can hover above an ordinary refrigerator mag-
net when cooled to liquid nitrogen temperatures or lower. A superconduc-
tor acts as a perfect diamagnet and excludes an applied magnetic field,
says Smmon Foner, former associate director of the Massachusetts Institute
of Technology’s Francis Bitter Magnet Laboratory. In effect, electrons
within the superconductor move in a way that generates a field equal and
oppostte to the applied field. Because superconductors are such good dia-
magnets, a relatively weak magnetic field is enough to make them float.

Frogs are much poorer diamagnets. In the presence of a magnetic
field, the electrons orbiting a frog’s atoms generate an opposing field that
has only a tiny fraction of the applied field’s strength. It therefore takes a
stronger applied field combined with a change in magnetic field, or gradi-
ent, to create enough repulsion to support a frog’s weight.

To perform their trick, the researchers~——from the University of Ni-
Jmegen in the Netherlands, the University of Sao Carlos in Brazil, and the
University of Nottingham in England—used a powerful water-cooled sole-
noid magnet, a cylindrical coil wound from a few hundred tumns of wire.
Current passing through the wire creates a field whose north-south axis Lies
along the center of the coil and whose strength varies along the axis.

Placed i the hollow core of the coil, a vertical tube a few mches in
chameter, the frog, generates a diamagnetic field that could theoretically
be detected by a compass, says Nijmegen's Andre Geim.

When the frog is in an area of the magnet where it experiences a
large combined effect between the gradient in the applied magnetic field
and field strength, a repulsive force pushes the frog up. At the pont
where magnetic repulsion and gravity counterbalance each other, the frog
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floats .

Even though the magretic field needed to levitate the frog 1s much
larger than that of a household magnet, it’s still low enough to be repro-
duced easily in a laboratory. “It takes only 100 times higher fields” than
for the superconductor demonstration, says Geim. The relative ease of
levitation a frog “appeared to be strikingly counterintuitive for many, in-
cluding myself and my colleagues. ”

Many scientists tend to discount the effect of magnetic fields on water
and organic materials, Geim notes, because the response of those materi-
als to a magneuc field is a billionth of iron’s response. A sufficiently
strong magnetic field can levitate almost anything—and do it at room tem-
perature, the researchers argue.

Gein says that he and his colleagues have levitated frogs, grasshop-
pers, plants, and water droplets to “break down the prejudice that the
world around us is nonmagnetic.” They aren’t planning on pursuing the
research much further, however, Valles, along with biologist Kimberly L.
Mowry and their colleagues at Brown, has been focusing on magnetic levi-
tation as a way of studying gravity’s effect on the development of frog em-
bryos.

The group’s preliminary results show that magnets may provide a way
to cheat the maxim that any experiment performed on Earth comes under
the influence of gravity. Working at Bitter Lab, the researchers first levi-
tate water droplets in a solenoid magnet, then add frog embryos to them.

They keep the embryos suspended in the magnet long enough to see
the single cells divide into eight. By measuring the density of the embry-
os, the researchers determined that the gravitational forces on the embryos
were one-tenth of normal values. Valles, Mowry, and their colleagues re-
potted their findings in the August BIOPHYSICAL JOURNAL.



