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1 Water’s Wondrous Talents’

Though we cook with it, clean with it — and largely
consist of it — few of us truly understand the nautre of
water. Justifiably so.? This odd compound is one of the
most complex on earth.

It seems quite a simple substance, really. A clear,
stable liquid, it freezes in the presence of cold, boils in the
presence of heat and remains remarkably constant other-
wise.? But while colorless, odorless and tasteless, water is
hardly nondescript.* It is the most pervasive — and most
essential — compound on earth.

Water is everywhere. In the oceans, in plants in the
very air we breathe. Our bodies are 65 percent water.
A frog’s is® 78 percent. The undulating jellyfish, at 95
percent, is almost nothing but water.

Water integrates so easily into both organic and inert
matter because of its unusual electrical properties. A
water molecule’s one oxygen and two hydrogen atoms are
so arranged as to give® the cluster a slightly positive charge
on one side and a slightly negative chafge on the other.
Since electrical positives attract electrical negatives, and
vice versa, a water molecule, containing both, readily joins
hands with any nearby molecule, regardless of its charge.
It is this that allows so many types of matter to dissolve in
water. When, any, a spoonful of salt is introduced into
a beaker of water, the liquid’s molecules invade the crys-
tals, shattering existing bonds and creating new ones.



But by no means does water display its atomic ec-
centricity only” in the liquid states; one of its unique charact-
eristics is demonstrated during freezing. Most matter
contracts when temperatures drop, since cold quells mol-
ecular motion. Water, however, adheres to this rule only
until it begins to solidify into ice. At that point, its mol-
ecules arrange themselves into a porous, space-consuming
configuration, which cause the overall mass to swell. So
insistent is this expansion that® sealed, quarter-inch-thick
iron flasks have exploded violently during experiments
when the water inside them was suddenly frozen. When
jce thaws, its molecular structure collapses, allowing far
more molecules to occupy far less room. Hence, while
one pound of cold water is smaller and denser than one
pound of hot water, one pound of ice is larger and less
dense than both.

The very process of freezing and thawing® is surprisingly
active. In order for water to freeze, it must release enorm-
ous amount of energy into its surroundings. Conversely,
before water can boil, it must absorb vast quantities of
heat from its surroundings. Thus can an automobile radia-
tor normally cool an engine without itself overheating.

Water’s ravenous ingestion of external heat is partly
responsible for regulation of the earth’s temperature.
Much of the sunlight bombarding the planet is absorbed
by the oceans before it can affect climate appreciably. And
it’s a good thing, too. Without such a liquid buffer, we might
experience something closer to the 275 degrees Fahrenheit
that frequently bake our arid moon.
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Such a marked difference between the earth and its
nearby neighbor is attribute to the diversity of the oxygen/
hydrogen compound we call water. This talented subs-
tance helps to balance the planet’s climate, run its machines
and support its life forms. That it may also baffle those
who try to unravel its secrets is merely'® another example of
its remarkable complexity.

Explanation of Words, @M.
adhere [od’his] remain faithful to, support firmly ®F,
Ry

arid [‘erid] dry, barren T#&y, REMN

baffle [bafl] be too difficult to do, understand E{¥, XEH]

buffer ['bafs] apparatus for lessening the effect of a blow
or collision #3733 '

configuration [ken, figju'reifon] shape or outline, method
of arrangement 4k, SNGE, EE HEHITyE

cluster ['klasta] number of things of the same kind growing

closely togetner —f, —4

diversity [dai’va:siti] the state of being diverse, variety
BH, <R

eccentricity [eksen’trisiti] strange or unusual act or habit
HROTHRIR | |

ingestion [in’d3estfon] taking (food) into the digestive
system J§{L

integrate ['intigreit] combine into a whole ¥R —8{k

jellyfish ['dzelifif] jelly-like sea-animal ;K&

justifiably [‘d3astifaiobli] reasonably 75 i, BEHT
1) '



nondescript ['nondiskript] not having a definite character
BRI

quell [kwel] suppress, subdue FpK, FERR

ravenous ['revinas] very hungry, greedy JURA, STHK

shatter [f@ta] break suddenly and violently into smali
pieces $HEE

swell [swel] (pt. -ed [sweld], p.p. swollen [swoulon])
become greater in volume Rk

thaw [62:] become liquid or soft again Rift., EifE

undulate {! andjuleit] have a wave-like motion ¥3z), BR

Comprehension Exercises: g% 3);

Is water a simple or complex compound? Why?

2. Why can so many types of matter dissolve in water?

3. What is water’s unique characteristic that is demons-
trated during its freezing?

4;: Ts water’s ravenous ingestion of external heat of
any significance to our earth?

5. TIs it easy to unravel water’s secrets?

Notes, ¥
1. Ara B SR R 0HD A T (Science Dlgest) 19824
585,

2. Justifiably so. XB—/HEEH, SF “That few of
us truly understand the nature of water is justifiable”.
g4k so Fcﬁ:i"l%imﬂﬂx’jqjﬁf Fd JEEE’J g, %

“XRBEE RN

3. ...and remains remarkably constant otherwise. 4Jrh



otherwise HE17, TH “EHMBBERT” & “ERX
MBRTHNBRBEAE, ¥

4. ...water is hardly nondescript. fJrh “hardly” R
“ILVFER? “REFR”, ‘“nondescript” J “ELRIA
CKM? CRERBEN” RLUBARNY  FEEKE “GF
EGESEN”  BTXRENETEBR, HAIRERE
FIBR: “ERHFHFLEN” .

5. A frog's is... 4y frog’s RFTHH#K, BRLEET
“body.”

6. A water molecule’s one oxygen and two hudrogen
atoms are so arranged as to give . ... 4 so arranged

as to give ... B H so...asto... FIHBNEFEIRE,
B “eBRXBHETIG, BT

7. But by no means does water display its atomic eccen-

tricity only . .. XA RIEERIETHEE SR H
4], BhzhiEdoes” B AEFE1E water i,

8. So insistent is this expansion that... R #H34),
#%iE insistent #FWE T, so WERHL that W},
B4 RIKIEM A,

9. The véry process of freezing and thawing... H
very RiB%iE, i “process” , BH “BLEX,
SEMN” FXHA “‘X—dRY R,

10. That is may also baffle thosewho . ... ... is merely ...

”mw’ﬁ$%%%ﬂMﬁﬁéﬁm$maés“$¢&%
A AR T RN, X SULR IR BB B 5
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AV BN WRA T FERROSEK, THBR LGN
a5, URERHFBR FOLMEGIES. BRFESER IR
AEBAERBIAN, X—RAACTREHERBERE
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2 What Causes the Tide?”

The Moon rotates around the Earth in the same direc-
tic 1 that the Earth rotates around its own axis. In the
course of twenty four hours the Earth completes one revolu-
tion of 360 degrees. During the same period of time the
Moon moves 12 degrees around the Earth. A spot on
the Earth directly beneath the Moon therefore has to travel
372 degrees before it is once again beneath the Moon.
That extra 12 degrees takes abut 50 minutes, so that the
time between Moon-rises is 24 hours and 50 minutes.

As the ocean tides follow the path of the Moon, the
tidal ‘day’ is also 24 hours and 50 minutes long. Within
this time there are, at most places on Earth, two high tides
and two low tides. The reason for this is that the Moon’s
gravitational pull draws the ocean waters of the Earth
towards it on the nearest side, creating a slight bulge. A
corresponding bulge is generated on the opposite side of
the Earth by the complex gravitational forces of the Earth-
Moon orbital system. These bulges stay constantly orien-
tated in line with the direction of the Moon. Meanwhile
the Earth continues its rotation around its own axis, the
continents and oceans performing their circuit together,
while the two bulges stay putz; For this reason most coastal
regions experience two high tides and two low tides within
each lunar ‘day’.

Pliny, a Roman scientist and naturalist, described



lunar tidal effects in the first century AD, but the complex
mathematics of the physical laws at work were not formu-
Jated until the 17th century, when? Sir Isaac Newton develop-
ed his Law of Gravitation. According to this law, every
particle in the Universe attracts every other particle. This
attraction is proportional to the mass of the bodies involved.
If mass alone was involved, then the Sun would exercise a
greater pull on the Earth than the Moon does, for the Sun
has a mass some 27 million times that of the Moon.~ But
Newton’s law also states that attraction is inversely propor-
tional to the square of the distance between two bodies.
If the distance between two bodies is doubled, then the
attraction is quartered. The Sun is 390 times further from
the farth than the Moon. Tide-producing force is not
straightforward attraction.* Tides are formed because the
force exerted by the Moon on the nearest side of the Earth
is greater than that exerted on the centre of the Earth,
owing to the increased distance. The difference between
the two forces makes the water move towards the pull of
the Moon. This tide-producing force varies more than
attraction with distance. The difference in pull between
the nearest point of the Earth and the centre is inversely
proportional to the cube of the distance. Therefore we
can sec that the Sun’s.superior mass is more than offset
by its distance from the Earth. In fact, the Sun only
produces about 46 per cent of the tidal attraction exerted
by the Moon. ' |

The effects of gravitation, as explained by Newton,
also account for the bulge in the sea on the opposite side of

9



the Earth from the Moon. The water on the far side of
the Earth is subject to less attraction than the Earth itself
because it is further from the Moon. As a result the water
on the far side of the Earth bulges outwards. Imagine
swinging a jelly-like ball around on the end of a string.
It will deform into an elongated blob — with a bulge facing
the string and a bulge facing outwards. A similar mechan-
1sSm generates our ocean tides.

At full Moon and new Moon, the Sun and the Earth
all lie along the same axis, with the Moon either between
the Earth and the Sun, or else on the opposite side of the
Earth from the Sun. With the gravitational forces of both
Sun and Moon pulling in the same direction high tide is
higher than usual. Also, because the ‘bulge’ is larger,
the depressed ocean areas that form a band 90 degrees
away, between the two swollen areas, are lower than usual.

Neap tides take place when the Moon is close to its
first and third quarters. At these times the Sun, Earth
and Moon form a right angle, with the Moon at one side
or other of the Sun-Earth axis. The two ocean bulges
are still orientated in line with the Moon, but the Moon’s
gravitational force is counteracted by that of the Sun, and
the tidal range is correspondingly lower. Neaps are general-
ly 20 per cent lower, and springs 20 per cent higher than
average tides. 3 ' S

Other cyclic variations in the relationships between
Sun, Moon and Earth also affect tidal range. The ellipse
of the Moon’s orbit around the Earth causes higher tides
at perigee, the closest point to the Earth in the orbit, and:

10



lower tides at apogee, the furthest point from the Earth.
The difference between perigean and apogean tides may
be as high as 40 per cent.

Yet another effect to be added in to the predictable
variations occurs in a one year cycle as a result of variation
iin distance from the Sun of the Earth during its annual re-

Above Since the Moon orbits in the same difec_:tion as the Earth's
rotation the Earth must make slightly more than one revolution for
the Moon to reach the same place in the sky., The extra time required
is 50 minutes and accounts for the slightly longer-than-half-day
intervals between tides.

volution.® The Moon reaches its absolute perigee once
a year. The perihelion, or closest approach of the Earth
to the Sun, takes place every year on or about January
2nd. When perigee and perihelion coincide tidal range

11



is at its greatest. The opposite is true when apogee and
aphelion (greatest distance between Sun and Earth) coincide.

Our own Moon, it has been discovered, is prone to
measurable Moonquakes at its perigee, which are believed
to result from the Earth’s tidal effect. A further tidal effect
on the Earth itself has been happening with almost im-
measurable slowness for many millions of years. Because
the Earth does not rotate absolutely smoothly beneath the
swelling oceans, but is subject to a certain amount of friction,
there is a gradual slowing down of the rotation. The rate
is only an increase in the length of the day of about 0.002
second over the last 100 years. However, there is evidence
from fossil corals that over the last 400 million years the

year has decreased its number of days from 400 to the present
365.

IH—2

The forces which cause the tides are generated by the fact that dif-
ferent parts of thé Barth experience a different combination of forces
from the Moon and Sun. For instance, the total tidal force at
P is the difference between forces F, and F,, giving a resultant force
F,, which draws water towards the equator.

12



The progression of tidal effects is both elegant and
stately, They are responsible for the breeding cycles of
tiny animals and the destruction of moons. They can shape
galaxies and, quite likely, affect the evolution of life forms.
If we could begin to harpess a tiny fraction of tidal-energy'
from the oceans alone we would be plugging in to the
Universe instead of merely scratching at its surface.®

Explanation of Words, 5.

account [o’kaunt] explain the cause, serve as an explanation
of, answer E¥, BEIEF

aphelion [®'fi:lia] point in a planet’s orbit at which it is
farthest to the sun ETH &

apogee ["®poud3i:] position in the orbit of the moon or
any planet when it is at its greatest distance from the
earth EHL & o

axis ['®ksis] (pl. axes ['®ksi:z} Mine round which a turning
object spins %

band {bend] flat, thin strip of material #, &

blob [blab] drop of liquid — i &k

bulge [bald3] place where a swelling or curve shows #ia
A&

coincide [kouin’said] happen at the same time I54&

coral ["kersl] hard, red, pink, or white substance built on
the sea bed by small creatures 5

elongate ['i:lorygeit] make or become longer spatially
e, &

fossil [fosil] recognizable prehistoric antmal or plant
buried in earth, now hardened like rock {Lf
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