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How Do Bees Find Their Way?

Beekeepers know that bees find their way by means of the
sun. But what do they do on a cloudy day? They can still sense
where the sun is in the sky by means of polarized light. This
is light that can be seen better from one direction than from
others. Even behind the ciouds, the sun still sends it down.
Ultraviolet light, too—the same invisible rays® that cause a
sunburn—guides the bees. And their huge compound eyes make
out the shape of familiar trees and houses. They find their way
by the colours of flowers, too—all but one colour.@ The bees
are colour-blind to red.®
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How Long Is a “Light Year”?

We use the speed of light as a measuring stick in studying
the universe. Some of the distances from earth are small enough
that we can talk about them in miles.® For example, the moon
is about 240,000 miles away from the earth;® the sun is about
93,000,000 miles away from the earth.

Howéver, when we begin to measure distances to the stars,
we find that we have to work with very large numbers. Just as
scientists developed a special unit of measurement for the waves
lengths of the different colors, so have scientists developed a
special unit for measuring distance in space.® It is a LIGHT
YEAR. ’

A light year is the distance that light travels in a single year.
This is a large number considering that light travels about 186,000
miles per second.@ A light year is roughly 6,000,000,000,000
(six trillion) miles. Alpha Centauri, the nearest brilliant star,
is more than 4 light years away.
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Numbers and Mathematics

It is said that® mathematics is the base of all other sciences,
and that arithmetic, the science of numbers,is the base of math-
ematics. Numbers consist of whole numbers (integers). They
are formed by the digits 0,1,2, 3,4,5,6,7,8 and 9 and by combina-
tions of them. For example, 247—two hundred and forty
seven—is a number formed by the combination of three digits.
Parts of numbers smaller than 1@ are sometimes expressed in
terms of fractions, but in scientific usage they are given as dec-
imals. This is because it is easier to perform@ the various
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mathematical operations if decimals are used instead of frac-
tions. The main operations are: to add, subtract, multiply and
divide; to square, cube or raise to any other power; to take a
square, cube or any other root and to find a ratio or proportion
between® pairs of numbers or a series of numbers. Thus, the dec-
imal, or ten-scale, system is used for scientific purposes through-
out the world. The other scale in general use nowadays is
the binary, or two-scale. In the binary system numbers are ex-
pressed by combinations of only two digits, 0 and 1. Thus, 2

is expressed as 010, 3 is given as 011, 4 is represented as 100,® -
etc. This scale is perfectly adapted to the “off-on” pulses of elec-
tricity, so it is widely used in electronic computers. Because of

3%y

its simplicity it is often called “the lazy schoolboy’s dream™!

Other branches of mathematics such as algebra and geometry
are also extensively used in many sciences. More specialized
such as probability theory and group theory, are
now applied to an increasing range of activities.® Finally, a
knowledge of statistics is required by every type of scientist for

the analysis of data.

extensions,
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mathematics [ mz0i'matiks] n.
b
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Earthquakes

Some countries have large numbers of earthquakes. Japan
is one of them. Others do not have many; for example, there
are few earthquakes in Britain@. There is often a great noise
during an earthquake. The ground vibrates. Houses fall down.
Railway lines are broken. Trains run off the lines. Sometimes
thousands of people are killed in different ways. About 60,000
were killed in 1783 in South Italy. The volcano Krakatoa caused
a terrible earthquake in 1883 and 35,000 people were killed.

Earthquakes often happen near volcanoes, but this is not
always true. The centres of some are under the sea. The bottom
of the sea suddenly moves. The powerful forces inside the earth
break the rocks. The coast is shaken and great waves appear.
These waves travel long distances and rush over the land when
they reach it, They are strong enough to break down houses
and other buildings; sometimes they break more buildings than
the earthquake itself.

Fires followed the great earthquakes in San Francisco (1906)
and Tokyo (1923). At San Francisco the earthquake ‘broke the
gas-pipes. The gas escaped, and soon large numbers of fires
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were burning in the city. The water-pipes were also shaken and
broken; so it was not possible to put the fires out. There was
no water.

The Tokyo earthquake of 1923 happened just before the
middle of the day. People were cooking meals on their fires at
that time. When the ground shook, the fires shook too. Hot
materials were thrown on different parts of the houses, some
of which were made of wood. Soon 134 fires were burning in
the city. _

On November 1st, 1755, a great earthquake was felt in
Lisbon, Portugal. Its centre was under the sea to the west of
Lisbon.® Its results were felt far away in other places: in Spain,
France and North Africa. Three of the worst shocks brought
down all the houses in the lower part of Lisbon. Great waves
were formed in the sea, and some of them were 40 feet high.
Unusual waves were noticed in many countries far away.

Another terrible earthquake happened in Assam, India,
in 1896. The ground near Shillong suddenly moved 1!/, feet to
" one side. Then it moved back again. It continued to act like
this 200 times a minute:® more than three times a second! Few
buildings can stand up when that is happening. Trees were broken
off near the bottom, and the great stones there flew four feet
up into the air.

What kind of building stands up best in an earthquake? A
building with concrete walls is perhaps the best. A steel frame
will make it even stronger®. The frame holds the different parts
together, and the walls do not easily fall. There is less chance
of fire because concrete and steel do not burn. The Americans
carefully studied the results of the earthquake at San Francisco,
and they believe that this kind of building is the safest.



i

earthquake ['o:0kweik] n. HuE

vibrate [vai'breit] ». &z, #83)

railway ['reilwei] n. B:8&

voleano [vol'keinau] . il ([&
%¢] volcanoes)

rush [raf] v. #f, (5], 7

Krakatoa 35 5 RFE(EN R K 11 4)

coast [koust] n. ¥, #iE (X
%)

San Francisco [ s@n fron'siskou]
[l (& EHET)

Tokyo ['toukjou] n. %3

(t0) fall down {83}

(t0) run off (RZAZ)H(Hh)
(to) break down ({Ii){B|35
(to) put fires out I K

i 3

iC

Lisbon ['lizbon] n. Bl A (%i%s
FEHR)

Portugal ['portjugel] n. #&EF

Spain [spein] n. FHHEF

shock [fok] n. EZl, dhidi

Assam [o'sem] n. s (ED BE
i 4)

Shillong [fi'lon] z. 75 pE(EN B Hb
£)

concrete ['konkrizt] n. {RUEE+

frame [freim] n. Zi§y, F2%2

(to) be made of ... ... fhill &
Jar away {RiEhb

(to) bring down {fi{8]}5

(t0) stand up Wi B2

B

(1) there are few earthquakes in Britain: A4y few § 4R,
SR few f1 a few MG, few WERILPEA", “RI".3%
AEE: a few FEREH 8", FREHE.

(2) Its centre was under the sea to the west of Lisbon. figh
ODEBR AL MR, to the west of ... 7F...... /b PEH,

@) It continued to act like this 200 times a minute; b A i
B LR A ig 4y ik 200 Pk, A4yrh like this ZrifiEiE, iR
i%, 200 times a minute {24015, # &M act,

FIB LI,

ek

(4) make it even stronger: it J$iF, stronger R TALLIEHRAE



Solids, Liquids and Gases

Most people would describe water as a colourless liquid.
They would know that in very cold conditions it becomes a
solid called ice, and that when heated on a fire it becomes a
vapour called steam.® But water, they would say, is a liquid.

We have learned that water conSists of molecules composed
of two atoms of hydrogen .and one atom of oxygen, which we
describe by the formula H,O. But this is equally true of the
solid called ice and the gas called steam. Chemically there is
no difference between the gas, the liquid, and the solid, all of
which are made up of molecules with the formula H;O. And
this is true of other chemical substances; most of them can exist
as gases or as liquids or as solids. We may normally think of
iron as a solid, but if we heat it in a furnace it will melt and
become a liquid, and at very high temperatures it will become
a gas. We normally think of air as a mixture of gases, but at
very low temperatures it becomes a liquid, and at lower temper-
atures still it becomes a white solid,

Nothing very permanent occurs when a gas changes into
a liquid or a solid.® Everyone knows that ice, which has been
made by freezing water, can be melted again by being warmed ;®
and that steam can be condensed on a cold surface to become
liquid water. In fact it is only because water is such a familiar
substance that different names are used for the solid, liquid
and gas.® For other substances we have to describe these dif-
ferent states directly. Thus for air we talk about liquid air and
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solid air. We could also talk about gaseous air, but, since this
is the normal thing, we usually just describe it as air.

What, then, do we mean when we say that water is a liquid,
air is a gas, and salt is a solid? We mean nothing more than
that this is the usual condition of things on our earth. On one
of the outer planets all three substances would be solids, and
on the sun all three would be gases. Most substances are only
familiar to us in one state, because the temperatures required
to turn them into gases are very high, or the temperatures neces-
sary to turn them into solids® are so low. Water is an exception
in this respect, which is another reason why its three states have
been given three different names.®

The fact that a liquid like water can be changed to solid
ice and back again to water, just by changing the temperature,
would lead us to suppose that the very strong bonds between
the atoms in the Ho® molecules have not been greatly changed,
and examination of water, ice, and steam shows that this is
true, and that all of them consist of H;O molecules.@ The dif-
ference between these three different forms of water lies simply
in the arrangement of the H;O molecules or their position with
respect to each other.

i8] iC

solid ['solid] n. & a. [ {k; oxygen ['oksidian] n. 4

it formula ['formjuls] n. X
liguid ['likwid] n. & a. ¥k normally ['noimoli] ad. 1E i,
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colourless ['kalolis] a. Jc &t iron ['aten] n. B
vapour ['veips] n. ¥. 7&K furnace ['fomis] n. ks
molecule ['molikju:l] n. 23 melt [melt] v. Rifig
hydrogen ['haidradzan] n. % mixture ['mikstfa] n. &4
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permanent ['parmonont] a. kA
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They would know that in very cold conditions it becomes a
solid called ice, and that when heated on a fire it becomes
a vapour called steam. Bhzhid] would MM, A KIS,
called ice &5 called steam @itk iR@IEIEREIE, 2 JIEIHET
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Nothing very permanent occurs when a gas changes into a
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In fact it is only because water is such a familiar substance
that different names are used for the solid, liquid and gas.

Fok b, ERAFAARZXLMBOWIIL FiCAA BA R K4S 4%
13



AL E A, RS 4, such ... that iy #8 B RE“XkE...... DA,

- that Sl R4E RURIENA),

(5) necessary to turn them into solids: jXR-T%5 175015 (& il
Wiy temperatures,

(&) why its three states have been given three different names:
KARENE why SIH A EEMN, EIHAIERS reason,

(@ The fact that a liquid like water can be changed to solid
ice and back again to water, just by changing the tempera-
ture, would lead us to suppose that the very strong bonds
between the atoms in the H.O molecules have not been
greatly changed, and examination of water, ice, and steam
shows that this is true, and that all of them consist of HyO
molecules.

RR—NHAENEAA, EHFIHE—A2md  that a
liquid like water ... the temperature £ fact {FEiEMN4D,
that the very strong bonds ... have not been greatly changed
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that all of ... H;O molecules #[2& show [z iE M4,

Isaac Newton

Newton was born in 1642 (the year in which Galileo died)
in Lincolnshire. As a boy he went to King’s School, where his
name, cut with his own hands upon a window-sill, is still proudly
shown today.® At school he was taught Latin and grammar,
and showed few signs of his future genius. Indeed, he was con-
sidered dull until, having been kicked by a bigger boy who was
above him in class, he gave the fellow a good beating and set
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to work to beat him in his studies too.® We are told, however,
that he was very mechanically minded and fond of making wind-
mills and model machines.® This is of special interest® in
view of his experimental skill in later years.

At the age of nineteen he entered Trinity College, Cambridge,
where he began the study of mathematics and science, in which
his great discoveries were made. In accordance with the tradi-
tion which he founded, Cambridge has maintained to the present
day its position as the home of British science.

While still an undergraduate®™ he discovered the Binomial
Theorem in algebra. Just after he had taken his B. A. degree,
he did some famous experiments on the breaking up of white
light into colours, and invented a new branch of mathematics
* known as the calculus.®

At the age of twenty-six he became professor of mathemat-
ics, a post which he held until he was fifty-four. During this
period his greatest discoveries were made. In 1696 he gave up
his scientific work. He died in 1727, at thé¢gé of. Sightyhive.

It was customary in Newton’s time féi the (great. mathiéma-
ticians of Europe to spend months on $@givifg a_problem:and
then offer it as a challenge to all others. @ Newton alivays solved
such problems within twenty-four hours.

He never sought fame, and many '6f-his d@bverlesl had
to be drawn from him years after they had been made.® His
chief work, the Principia (written in Latin), was published by
the persuasion of his friend Halley, who paid the cost.

Many stories are told of his absent-mindedness.® On one
occasion a friend ate his dinner, and Newton remarked, “Dear
me, T thought T had not dined, but I see I have.”

On another occasion he is said to have left his guests at
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dinner to fetch more wine,® and when after a long interval he
did not return, the guests went to seek him. They found him hard
at work in his study, having entirely forgotten their presence

in his house.@

One of his most-quoted sayings is his own criticism of his
discoveries: “I know not what the world may think of my la-
bours,® but to myself it seems that I have been but as a child
playing on the sea-shore; sometimes finding some prettier pebble
or more beautiful shell than my companions,® while the un-
bounded ocean of truth lay undiscovered before me.®”
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