Acoustics

AcoustiICS

Acoustics IS the science o[ sound. H %eals With ﬂow
sound 1S made, Now It travels throug the air, and how
|Lls heard. So%n travel_?< as waves Of alr PRESSURE, and
these waves penave like those on water. The wa
fi%md pehaves IS Important to many people In everyda

Architects use the principles of acoustics to design
bqumg%s Where unV\Pante(?Cfound 1S dea _enec?, b%t
music .0 volces can he heard clearly. En meera Se
acoustics to lmr?rooﬁlﬁit ﬂe quality of reCoraed sound and

Its reproductio
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pressure Se
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electret boom mic power input

Above: A noise-reducing headset. Regular noise Is.
sensed and cancelled out by electroniC circuits inside
the earpieces.

Sometimes Eeo le’s |)ves depend on bem? able to
he[a\r the right Sou d%. Pilots of no_lsg CI'urcraf such as
nelicopters can find that_engine noisé drowns out their
radio even when wearing headphones. New head-
hones Introduced In 1990 overcome this pré)ble_m.

icrophones In them pick.up the background nois
ancf cal%cepen out Dy prgducing waves w %ﬂ are equaﬁ
and ogpos_lte._

Acoustics IS now being_used to deyelo refngera-
I_or that ,doe% not use CFC ?aﬁes. CF i ave Ddeen
Inked with the destruction of the ozone layer. Souna
waves In safe INERT %ases are used. to creafe’the cycles
of compression and gxpansion which produce cooling.
The re rlgerator IS 40 per cent more efficient than’a
normal one. This would mean a huge savmg N
Amerlcané electricity bills, A prototype has alr&ady
been tested on the space shuttle.
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Aeronomy

Aeronomy IS the study of the earth’s u6pper_ ATMOS:
PHERE. EVen at |(53 UR er fimit, around 60 miles (100
kHometerfz aItltH A e_atmqsphere f_an ave dramatic
efrects. A houg there |? only a millionth the nymper
of particles as &t sea |evel, thé FRICTION on low or |t|n8
SATELLJTES can slow them down. The, u%)er atmospher
expand? when the an S aatlve. This means that they
ma¥ fall back to ear(j head of schedule. .
he sun gombar S the ugr)[per atmosphere with both
sunlight an h|9_h-speed particles known as the SOLAR
WIND."These particles cause the northern and southern
lIghts O AURORAE Qccailone%llg/, g‘reat s(f,orms 0 Par_tl-
cles arrive and serious)y afféct long-distance radio
communications. Scjentists are searching Tor ways to
predl(“t these dlsrugtlons.
Volcanic dust can also affect the upper atmosphere.

Above: An aurora photographed from space shuttle
Discovery, The stud%/, of aurorae was one of the tasks
of Its mission in April-May 1991,

The eruptlgns of the Philippine volcanpes Mt.
Pinatubo and Mt. I\A%}/_on In 1991 and 1993 could have a
mar%or effect. Aeronomists nave seen a great INCrease In
nu b%[s of noctilucent %|O_lé%8 In recént vears. These

are w JtiBh cIoFds, at a nergnt of 51 mile (t82 Kilome
fers), visiole only In summer, g owmﬁ pVen a mldmghé
In far northern or southern sKies. T s

w ma%/ be cau
bP]/ Increasing volcanic dust and polfution, and may
show that the atmosphere Is changing.



Analytical Chemistry

Scren rsts ften need to know the amount of a certarn
ch emrca tha ]t IS present In.a mixture, For example
how Qca Lerne S there In a cu of coffeg, or how
much lead IS there In eaded asoIr Questions such
as these are answered us|ng a aIytrcaIc emrstr[v]
These methods a# relv on Se aratrnﬂ e Suh
stances In question from the mixtures. T
cals must be 1dentified and the %ﬁantrtres measured
The methods used Include romatograo SPEC-
TROSCOPY and the measurement of electrically chargec
IONS iand their rarrdments It mass sPectrosco g
Usually, such measufements take place in LABORATORY
conditions usin verv advanced equ noment From time
to time, howeye snecessaryt ake the measure-
ments under freId conditions.
For exam(n e, Brifish Petroleum_recently. developed
new methad for oil ex mloratr n. The aim’is to find a
thin layer of cryde o
the sea’ over a Site where oil seeps up tq he sea Ded.
%oara(tus USeS an. In trum nt hrc measure
Ir ht rt from the orI ter I een rIIumrn te
rgch rom a LASER. e equrpment 1S 1nsta Ied
an airplane.

Anesthetics

I\/todern anesthetrcs have taken much %f the pain and
Rr out of surgery Since the 1980s, hane and
other srmrIar cOMPOUNDS have heen used. UnIr e earll-
er anestnetics,_they are npt FLAMMABLE and do not
Cause cancer The atr%nt breathes them In as a gas

are eneral ahesthetics, which means that they
ma e aflent unconscrous for maﬂ(or SUrgery.
er, Trlleanensatlheéracmcorerrr%ﬁgnldlsdrh avels] artjcular, so sci-
entrstshaveybeen ?gokrnd for v\)a/rys topreduce the dose
One new way IS t0 use t ny rnrectron1 S Into the sprnah
cord, rather’than swamP ng the whole sy%tem Wi
anesthetic. These block the transmission of pain Sig-
nals to the brain. Cooling parts of the, body can also
reduce pain. Acupuncture 1s.also bejng tsed. This
rnvo ves NS certrng ne needIes into partictlar places n
the boo yan can bequrtee fectlv e]

A teChnique ernor tried In the 1990s Is to allow
patients rec Verin rom operations to controI therr
pwn anesthetic sup %r] They can often give themsel ves
lower doses than someone else, and @0 not have the
worry that they might suddenly start feeIrng pain with
N0 one there to help.

en the chemi-

hrch orms on the surface of

e effécts, howev-

Analytical Chemistry

Astrometry

A surBrrsrnd amount of information can be obtained hy
measuring the positjons of stars and other heavenly
Podres THis 1S the science of astrome%rx tS uaes [ange
rom navr%atron and timekeeping to finding the size of
the universe

Some a érometrrc opservations se a S ecraI tet‘e-

scope called a transit Instruyment. T S 1S frxed te
sﬁoge whrch [ecoras the positions of stars as they move

dh the field of view as the earth turns. Anoth er
aér measuring srtrons rstomeasure ho]t rap a
ta en bvordrnarv escopes S methog sot se

glot ne posit ons of newly discovered objects SUCh
as COMets or asterolas

Above: A fully aytomatic transit circle.at La Palma
Observatory in the Canary Islands, This measures
the positioris of hundreds of stars in a night.

An Iimportant use of astrometry s to find the dis-
tance of stars by paraIIax As the earth moves around
the sun, the position of some n(earb stars chan es ve
slightly. This | Ebecause the direction from which we
view them Is changing. The nearer stars will vary n
DOSItION the most.

In 1989 & satertite Named HrpBoarcos was pyt Into
orbit to measure star positions. By 199, it will, have
measured 100,000 stars far more accurately than S POS-
sible from the ground.
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Cytology

Cytology

ﬁ\ytotlﬁ%/ S the studt}/bofthe CELLS that méxke ,uR all liv-

| r%s. The s
improvement in mycr
o: tulu/, for examRIe, C Ro 00ISts ha
MOSOMES Inside the nucleus. T e?_e are %_e chemical
PRO?RAI\/IS tha},control the way 4

the features of Its parents.

Aect nas advanced wit everx
scoRes.. By th éurn of the 20t

VIng thing Innherits

Living cells can be studied by “phase contrast
|cro%c,0p . WhIC? [ISEs as.p?caal wa ofluumlnﬂtlng
the subject. VerP/ often, specia %I/Ve,s are ysed wnich ar
taken Up by 8 tain structures within the cell. These
ayes m ef_uorescenk S0 they show U'R Under an
ULTRAVIOLET light. Another way. of '[@ll%%l 0" cerfain
cells 1S t0 USe radioactive Chemicals. These can show
how PROTEINS or ANTIBODIES INTERACT with one another.

Above: These human red blood cells are viewed, using
a phase.contrast microscope. The circular cell in the
middle 1s a granulocyte - atype of white blood cell.

Other methods be_inﬁ used Include electron micro-

Scopes, LASERS, and hig sReed CENTRIFUGES. These spin
a sample vew ragldly S0 that some parts of the cell are
torn awa¥ and separated from the rest. One Important

role of cvtoloay 1S to classify cells to find out a person’s
b?oog %r%uR (99/ |dent1% antl OC?IGS. | :

Researc cyt?loglss are n?w trymg {0 unrav]gl the
fi_ee ast secr?to a| -thP/ cells die] At'the ]gnd of their
Ifespan, healthy cells s dentI%/ seem to sel -de(f_truct.

IT'scient|sts can find out way, they might discover
clues to other Rrgblem_s svch the“causes of AIDS,
cancer, and even death itself.
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ISCOVered CHRO-

Dendrochronology

An arch?eologlst W|sh|n%to discover how old a sjte IS
maty Wel tthn éo dendrroc ronol g Tle S the sclence
of mdmgt e gates Qf wooden objects from the ANNUAL
growth rings visiole (n timber. | |
As trees grow, thelr trunks an‘d pranches Increase Jn
DIAMETER hY guftlng on a new layer around their cir-

cumference each vear. Bg_cfz%use the_glhma e Varles {rom
year 1g year thes rmgs [TTer in wiatn. Tne rings from

tUSt a_few years will afways have rough{%the same pat-

ern. These year patterns are rather”like supermarket
3 Codes - , s?qLPence of thick ang t‘nn mespt at 1den-
t|f|e?]a partbcu ar set ofyears,
The gro lem has been to link separate sets of
Sequences. Althou? most trees live for onlg a few hun-
red years at most, some live for over 4000 years. The
rIstiecone Pme of Californig 1s one of the?]e. Such
grr%egaﬂl\ég % a?Cnhgeéequence of rings against wnich oth-
Modern science has made this method ver}/ precise.
Bo S ha(Ye heen greserve N such Places as r\osh. peat
0Js and Swiss lakes, where_whole towns were buijt on
stITts In prenistoric times. The sequences from these
different sites have now been |Iﬂked._ . .
Cgm Uters can now assist the scientists by storing
the data and comRarmg It with known sequerices, It IS
sometimes possible to dléc%ver thg darte to within a
eel?erdw en a plece of wood thousands of years old was
Rec%ntly dendrochr nolﬂ IStS Nave hecome Interest-
ot Bl i oy b ke
w%e% P/olcanlc dust daﬂ<ened the%ky for years oR end.

Below: Computers now count tree rings. The sam;f(le
IS viewed by a.video camera and t eogerator marks
the ring positions by pressing a button.



Dermatology

D_ermatolo]gy S the branch of medicine that deals with
11Seases _h% sKin. The most common of these |?]der-
Bwatms. This T ss%veral causes. It can be brougnt on

contact with chemicals or eyen some cosmietics
plants, or animals. A Brob_lem with a paglents internal
organs can also proquce. it The skin of sufferers may
e redden?(d, plistered, dnﬁ] , cr%c_ked, or scaIR/.

Some sKin. diseases, such.as shin I%s _aind erpes, are
caused p Viruses, Bacten? cause bolls, Anthrax is
caugnt from infected animals. Molds and f%mg[l Cause
@_ro lems such as.ringworm and athlete’s ,o%. ome

Seases are Inherited; such as psonaﬂs, which affects
ag& teg 5?ekPnercent of people. They have flaky, scaly
: Many aic?olesc%nts syffer from. the plmg_l 9 Cﬁused bx
acne. Sadyf?r %em, Its cquse 1S often difficult to pl

own. It coulg be cause }(HORI\/IONES, bacterig, or
even emotignal stress. In fact, there are over 50 differ-
e tytpef of acne. The treatment varies from applying
palm o_ettmg more sunlight get at the skin.

A.major worry In th%_l 905°1S too much exposure to
sunhght. Ultraviolet |eght causes skin melanomas, . a
tpyrpe f cancer. People aré being urﬁed t0 USe more SKIn

otection, particuParIy In suniy climates.

Exobiology

Most scientists believe that there 1s ljfe el?ewhere It
E)he_ Universe, The scientific mvestlg]gtlon 0f the DOSSI-
Dilities of this IS exoblology. None 0f the other_RIan_ets
m) vtv e%esrolar system shows any signs of harboring life

Astronomers beljeve that there are _v%ry large num-
hers ?_fplanfts or |t|n% other stars. Blo ovqmts heljeve
that life will arise SPONTANEOUSLY Wherever the r|%ht
c?ndl_tlons oceur. Usmg good estlmate% for the number
of sultable plﬁnets th&ré should be t ousand%, If n_?t
alylor?ssén()f other planets in our own GALAXY where life
T?we vast distances between s}ars mean, however,
that even the nearest of such I e-bea_rlnc% pIgnets IS
ropably too remote for us to investigate directly.
sing the Hubple S%Pce Telescope, however,
ﬁstro ?mers hope to be able to fina stars that definitely
qVe B nets. o |
The Dpest %hances of detecting life beyond farth I
with SETI, the search for extraterrestridl intelligence.
T_hl_i_alm,s to detect anly radlo signals sent out by,oth?r
civilizations. Earth alreaay sends out powerful Signals

Jrell -|1Ke theriaI with rockyepart_lcles. [t Causes %he

Dermatology

In the form of our radio, TV, and RADAR TRANSMISSIONS
Although these are not beam%d at.oaher planets, they
would mdicate_to others that there Is life here.

A major SETI Program ? an In 19%2. [t USes Iarqe
radiQ telescopes to survey r?e numbers of ?_t Rl
detaﬁll. While th.? chances of It finding new |e.ar%
ar_r;gol,elrtier?ay still produce Interesting™astronomica

ISCOVErles.

Below: NASA announced a major search for life on
other worlds in October 1992, This radio teIescoP_e In
Puerto Rico will search for radio signals from aliens.

Fluid Mechanics

Fluid mechanpics, the science of liquids and_g?s S, COV-
ers many qifferent areas, The movement of fish througn
Water and tpe fl|ﬂht of birds are '[WP exam'ples. The
ow of aJr through. a jet engipe, or blood through the
heart and the eruption of a volcano are others.

There are two main pranches of the SUbj[%Ct, HYDRO-
STATICS and flul dg/namlcs. Hy r?statlcs Sthe study of
flujds At rest. This IS ofPr_ac Ical USe In.such areas as
nydraulics, which uses fluids to transmw] ressure, In
1992, for examz?le, enxgpneers reported that thfy nag
found d’i new way to extract. more ol from a well.. They
force gown the well a special fluid, which combines @

ock at the bottom to crack, releasing more oil. Ip this
way, up to seven times as much oil can be pumped from
asn\ e well. | |
~ Fluid gynamics examjnes how flujds flow. Man:
Inqustria procesges, stch as In the, c‘hemwal and ofl
Industries,. depena on ffows of materials. Smentlgts are
NOW studg/mg the wa}/_ flow? stdenI%/ become turbulent
Using the mathemafics o i a0 t eorg/._ ThIS ShOWS
how Simple mathematical rules can sometimes produce
complex-and chaotic results.
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Geochronology

Geochronology

hronology 1s the study of the history.of the earth
rtse% % Pd/rmatron S %ﬁ ?t Up by examining FOSSILS
and the comgosrtron of rocks,

eoge lized In the 19th gentur that rocks bear-
Ing Jossiis must have neen laid down at the bottom of
aricient seas. The layers nearer the surface are the
most recent, wnile ‘those eeger down are older.
Drfferent rock Iayers contarn fferent fossils. The
nﬁrpf ﬁyers ave% gex anrmaasuoh as dinogaurs,

e ]e deepest ha erty simple creatures. These
[Ink the fossi|s In a rock to 1tS age.
The actual age comes from téchniques such as radio-

metric dating. Some rocks contain radioactive ELE-
Er\rrs vY]hrch are slowl ecgyrn INto Ie(ad The rate at
ICh ear do thrs Ca IscOvered from work In a
 ABORATORY. S0 D ymeas 'Ing. the amount, of the ele-
nt an Jre amaunt of ead in a rock, scientists can

te how old 1t Is.

In the 1990s, however, scientists are finding prob-
lems with the ages %rven N this way. When the same
echnrques are dpplied to the atmoso ere O example,
L ajt?rer%sctr()ea% ounger than the fossils of some air-

Below: This amoaratus 1S used to rnd what elements
are It ro&k samples. Called ISOLAB, 1t |s an
advanced mass spectrometerat Cambridge
University, UK

Geodesy

The sclence ofth sha nﬂe and size of the earth 1S known
%eodesy edae 15 vital. when constructrng
r0ads, bridges, and dams Geodesy 1S also Important t

mapmakers’
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Above: A surveyor uses a Global Positioning System
receiver to find’his exaoé Posrrron The rrnrt runs on
camcorder batteries and Is fully portable

The surface of the earth 1S measured by trrandula
tion. This u%es the&rrnchIe that, In a trranole tWo
an Ies and tne | of one side are known, the length

e other two sides can be caIcHIated

Léntr recently the points of the triangle had to be
vIsible from one anothersothat surve In rnstruments
could n]se% Now, however, j uses th eSATEL
LITE and t rg -speed com d psition of each
pr%rnt is measured using the Global Pos tioning.System,

1S 1S @ network of satellrtes that transniit ‘exact
detarls of thelr positions,

e]ral orfahle recelvers pick up these srdnals and
grvet eI DOSIEION retative éhe sate Ites. The accu-
acy of this system Is measured In.a few mjlliontns of
the”distances rnvoIved S0 the relative positions of two
R}ornts %ay Tamr e apart oan pe found to within a few
rIIronJ of a mile - 1/10 Inch
Geodesy also rnvoIve? he stddgr of the orbit of the
earth, the movement of the pole and varratrons n
gravrtg/ across the surface of the earth. Its principles are
50 used in the study of the surface of other planets:



Geomorphology

morphol Another team working In Antarctjca, however
Geomorphology found that the Ice sheet tt?ere expan%ed beﬁween 4000
. and 7000 n}/ears ago, wnen tne rest of the worla was get-
Ge%nn)rpholcig S the study of natural landforms chh tlﬂ%W&[ er. _ |
ﬁs s, val ?] 'Ivers, .and solls. Technology has Iamologlsts can also monitor the world’s current
elped geomor ologlits N recent years. New Ia_iora- state. In 119 1, French researchers annqunced that the
tory LW ment now Jets them examine |n detail the  amount of lead In snow has been requced by Seven
chemical processes of Weatherlng._Thls IS what hap-  tymes over 22 years. .The use of lead-free gasoline IS
pens when rocks break down ang Soll thougnt to be responsible.

d Soils gre formeg.
There are also new ways of findin _ﬁw a e% r?cks. | o -
These are very Jmportant'when stuaying now the land-  Below: The Liv Glacier in Antarctica’s.Queen Maud
forms de_v%lorPed. Most oftpe lanascdpe Teatures we see  Range of mountains. Large chunks of ice break off
arose within what 1s cal e_q_the Quaternary period.  the glacier where it meets the sea, forming icebergs.
This occupied the last L8 million years. _
Digital Oata Iog ers are yecording machines which
fan ec?nnected.  t0 monitoring e vaent which IS
eft In P ace. This Iincludes stredm Flow_monjtors or
automatic weather statiops, for exampl?. The.data I_OR-
8ers mean tha%d,ata can e collected. all the time with-
Ut someone pein Cfhere to write 1t down, Geomar-
nologists may st rPcks at the SUb-mICFOSCORIC
ectron mmroi]copeh
arge sca|le, using SA ‘F]LLITE hoto'gr.a S, These show
OW the landscape IS ¢ angm overtime. |
A branch of eomorPnh lody 1S concernep With haz-
%rds caL«sed by Tandforms. Disasters are often cause
Y people not elo\g %Wa e of the risks. A volcano may
not haveerrpted thin living memory, for example,_fo
farmers feel 'safe to work on its slopes and even pujlo .
Vil ges. ?%omor hologlsts can now meaere the Hydraulics
swelltng of the slopes as PRESSURE pullas up. T eX Can
advise on the dan'ge[s, and t erefo%e ge hﬁps VOI( o _ |
c?stly rescue operagions, such as those whnich took  Hydraulics Is the prafctlcal use of the study of movlng
place’on Mout Etna In Italy in 1992 fliids. The Power of flowing water nas beén exploite
%humank_ ng ever since the nventjon of the water
heel to grind flour. The same grmmple ofturmn% u-
. ning water into power IS used to generate nyaroelectric
Glaciology DOWEr. . .
Hlydr?uhcs engln?ers are concerne? Wit lnove-
| | | o ments of watey o a larger sc%Ie as well, The flow of
Ggamolog%/ ]jS the_stuo ofglamers. T %s_e are like rivers — water from a dam, or under a rld?e, S thelr conc‘?_rn.
of 1ce that form In polar regions and pigh up In moun-  Their work can be of mabor Importance In contro mg
tains. Snow whigh 9ath§rs at their heads 1s crushed  floods. I%1?91, 150,?0 eoPIe dleﬂ In floods |
Urns 1to Ice, just as squeez- Banglades , e, To P event t

cale, “Usjng s¢anning e | - 0ron a

nder Its own weignt an %r example, To p eSe, engineers
mgqsn_owball produces a umg of Icg. are Studying the tlow of the rjver Brahmagut a. The

G QCIO[%]X can reveal agre t deal abou;]the way the  prohlem-is that raising empankments to protect cities
earth’s.clinfate nas changefl in the past. This mayhelp  against river floods may make the floods caused by
predictions of th? way It'will change In the future, For  cyclones woyse elsewgere. _ _
example, glaciologists stydyin ﬁores of 1ce drillec such stugies Include measuring the flow of water In
down_Info"the Gregnland Icé cap have seen a sudden  the many channels at the river’s outlet. I\Aod%ls can
warmnrwpat the end of the Ias(J ce age, 11,500 years ago.  thep. be made usmr(% C?ic])c%neputers t0 stu?lx the effects of

The temperature 1S estimated from the PROPORTIONS of making chan%es | rent I?ces. China, It ai

ISOTOPE& %f oxygen In the 1ce. In 1992, the scientists  peen fQund th tmaking a [1ver fjow along one channe
reported that t e}/.had found a warming of 13 degrees F Instead of several causes It to drop morg silt. This In
(7°degrees CQS over Just 50 years. turn means that embankments have to be even higner.
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Hydrology

Hydrology

Hvdroloqy is the study of water in the environment. At
th% f]earqyof t?ns S t?% water cy&e. Un@er the heat of
the sun, water EVAPORATES front the oceans. This forms
Into clouds which are carried o? the wingd. These
clouds rgtur_n the water to the sur a‘ce as rain, snow,
Sleet, and hail. This IS ourwatersu(;a y |

A maglor concern of the hydrologist.Is the way this
water rdns off the land, and how" it IS Ios%th ougn
evaporation, Many of the worla’s Prgblems appenn
this area, either rO\Jgh fl%odso ro#qht. e Way

ater is [ost from the land where It has fallen concerns

armers Who Irrigate their land.
It 1S n tgustgthe Third World that suffers. Water

s_hortage 35 ecome a major Joroblem In the U.S., pa-
ticula .thf. southwest, "Farmers have Loun their
Crops Srrve mg_ as the cltles o Ttﬂ_cson, Phoentx, ano
L0os Angeles drdl lies.

n_thelrwatersuP o
The Central Arizona Progect S now diverting water
from the Colorado River to the farm lands. Farmers are
mstallmq_sto_rarge tanks to catch rainwater. A hu'ge
new desalination plant Js belg\g bun} In Santa Barbara,

ah(orma, t0 pro 'df fresh water from sa\It water, In
the long term, m/ 00gIsts are usm%sate 1te studlée,s
and computer ?.delmg to help manage the world’s
scarce water supplies.

Jet Technology

Jet engine deal_%ners are c_onftantly rgmg_to Improve
the engjnes whi hgower alrplanes.” The main ¢ ncerni
are to"Increase tn thr%st 0r power, requce the fue
consumgtlon ang limit the noise produced.

~In the 1990s, the emphasis Is on reduc,lng% the Pollu-
tion from ﬂet engines. When you see an airplane trayel-
ng h|?h n the skg/, }/ou usual,,lyvn,otl_ce a “con_trall,
short for “condensatfon trail.” This |s made, of water
vaBor Which CONDENSES on the smoke particles and
unpurned fuel left by the engine exhaust. Some ex?erts
pelieve that this materjal, Plus the Invisible ca b%n
m%nOX|de and oxides of nitrogen, are disturoing tne
nalance of the atmosphere. The nitrogen oxides | far-
Pcula[] can qe%tro% tqe onne Ila er Which protects us
rom the sun’s harmful ultraviole rag/s.

Fuel _consum%mn continues to bé a concern. There
seems little room for Improvement, howev?r. Engines
NOV %xtract almost all t e_energy avallanle from the
fuel they burn. Instead, designersplan to use the ener-
ﬁw g efﬂmerktly. One vyaé/ 0 do this Is to build ultra-

gn-Dypass turbofan engines.
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In a turbofan engine, only part of the air which
enters the eng?ne isgmixed W%hp?Uﬂ and burned. T%e
rest passes though the fan, which provides most of the
engine’s thrti]st.. In uItra-h|gh-bR/pass en%mes three
tines aB mUch alr passes thr?u the fan as In a nor-
mfal turnofan engine. The fuel consumption Is cut by a
f1fth for the samé thrust.

Kinetics

When light shines on the retina of your eye, 1t IS
ABSORBEDQbX spﬁciaf I?ght- en3|ett|ve CELLX. !
cal i anQe

Then ﬁsenes
|O|\]/C|PCuhLeermtraves doWn tae eoS tPclacer' eE \t/oe nt(%luar r’aiann
and i;)u are aware of the ob gct. AW? tYns tflyes é)lace 50
ﬂum tha%we are not a arf of ?(ng delay. But how
n?n_ o?st g Process actually ta ? The sclence of
chemical REACTIONS such as this Is called Kipetics.

~Inthe case of the reactions In the eye, the fert st%p
|%a[a I %hemmal reahctlon. The molecule that absorns
i ed'ls Ot ecre | es [tS shape. American sclentists recent-
1SCOV

an
9he KIneti s?f this reaction. They founa
that In certain types of cell, the reaction Is complete

r Mm

Above; The eye’s Iris opens In dull [jght and closes
when Jt Js bnght. Most changes In the eye’s
sen3|tti|0vn|gy, however, are caused by chemical

reactions.

within 200 millionths ofz% billionth of a sec%nd. |

~ One Important area of study concerns the reactions
In the earth’s ozone layer. hemlst%all around th

world are study|ng what ha{)p?ns when .ozone mole-
cules. meet a variety of ch?m cals containing chlorine.
In this way, theﬁ/ hope to eiarn a?]oué the most |mpﬁr-
tant reactions that can result In the destruction ofthe
0zone layer.



Limnology

The branch of hvdrole gy that IS concerned With lakes
nonds and other surface Wﬁter 5 called mnolody 't
cludes the chemistry of the minerals and nutrients
15s0lved In the water
Environmentalists are con erned Iaboutwthe condi-
tron of mamé lakes aroun e]word T
ﬁ ahd are nen Otudred for t] o effects of acld rain
WhIC e(gorso much of the water tlhere But the
golluted lakes of the former Soviet republics are possi-
[y In the most serious danger,

Lake Batkal In southern Srbﬁrra S rngrea gerrl At
537? feet E?1637 metersg It 15 the de%pet ake In the
world. 1t contains moré fresh water t

an all the Grea
Lakes tto ether. #n 19?1 a th ee -seater submersip
vrsrted eb ttom of the lake collectin sedrment sam
es Pefa@h s and crystals Iso shoYv the lake to be
he wor S0 1on

|dest, at gossrbXBO milijon years.
Barkaﬂss 0res Whic

e are more than 10 Ofactordes aroyund
dump he|r waste rrectlg/ Into
rts%pure water. Much o rts wildlife Is unique, Vet

It 1S
beginning to disappear. Scient|sts w ' that unless
ma yplaﬂts are c?gf d, the erdI ecou d e rurned

Metallurgy

We usf metals al| the time, but only nP ure gold, cogﬁ
and stiver occur In nature Ear hamans found 1r
meteorites. So where do the metals we use come from

Most metals occur as ¢ emrla compinations In mrnﬁr-

als calle ORES. It Is the Job of metallurgy to extract t
metals from the ores.

To extract the metals, the ore | %frrst crushed Into
trnPr nieces. Then it js smelted - t aé S, 1t IS heateo
it 1 freed from Its chemical ponds and the liguic
metaI runs free. Some metals can be extracted by elec-
tsrcrrLzslTlr(r)tl\elans or by dissolving the ore In an ACID Or SALT

T ere 15 only a limited %ueRnly of metal and many of

e Urest iO ces of ore havealready been used up.
hat 1S left In_many pIa%es S extrem Ig/ goor ore,
ometrmes N spoil heaps left over from thé olg work-
d s, There Is metal In the rock, b]yt onlavrnsmﬂll quan-
tifJes. The task rs to find a way of extracting the metal
\A\th d(t) unggrhgng It S0 expensive that no~one could
Some metals are now being extracted from poor ores
With the heI 0f bac\)erra Mrcroorganr ms have heen
drscovered i at Irve 3/ oXidjzing the su [fur that binds
copper, zinc, lead, and uranium: As they do this, they

lakes of

Limnology

e D A Sk e
te%?g]ea%%orul;nt]s Of su??ur w(hrch S One orrpﬁt n?arn Caus-

Morphology

Morpnology 1s 4 part of biology which studies the size
and |ghaB Qjd/r‘lrvr ORGANISI\/ISgylfgl% 00 ]at ske]letons
of creatures, you may see that thé nones of the ﬁ
arm have srmrlarrtre with those In a b”d(f rneg or t
fro eg of a frog, for amp There are differénces aé
and these rvet em a thelr own purposes an

a0 r rtres
ystudyrn% the similarities and differences, biolo-
grsts can fearn more abdutt agl the structures In
RGANISI\/lS WOrK. Orrdrna I(v morphology was used as a
gro sorting anima fa h) ants rnto PECIES Or fami-
lies. Later, 1°was helpful 1n developing the theory of

erht This human skull
dates from 30,000 BC. It
s very similar to that of
a modern human. The
teeth reveal much about
the person’s diet and
[Ifestyle.

OLUTION. Toda useful in learning more about
ﬁa way the srze%nd shape og a part of aglrvrng organ-
ISM ah fects | %

X do the leaves of different plants and trees va 3/

50 much? I\/torEhoIo shows how the size and shape
a leaf depe]d on fre eon tlons 1n which the Iant
grdws In'the same way, th espee ang movement o an
nimal depend on Its werrd tancd muscles. By upder-
standin ow modern tS an anrmals have deveI-
OQ 0rpno ogrsts an WOork out how th Cerr onr?

tinct ancestors” lived. The(v ﬂn tell which rnosa
cgruled arun and how much fodd they would have needed;

X

%rnt?o? grsts are at the center of the debate about

how a evolved, Experts still disagree apout
which early humanlike creatures we evoIved from
Here, the teeth are vera rmporta]nt Th egs ﬁn revea

what our djstant ancestors ate, what soun e coulg
make, and how closely they are related to ourselves.

175



Paleobotany

Paleobotany

Paleobotany tries to butld up a picture of the plant life
I@the |stah/t past. ThIS IS pgsmh)l y studying t h
SILS of anclent veget]atlon
Some rockf SUC as sh%Ies coals, and sandstones
contaln the 03f|ls of prehistoric [eaves ang stems,
theJ Rarts ol‘ ts, SUCh as frénts seeds, o en and
ave also been greserv For exam fome
rocks forme when mud settled at the hotto of akes
and swamps. Plant remains became tragr%e under ay
ers of this'mud. Over time, the mud bec ecompresse
and heated and turned into stone. The fossils of the

Below: Fossnofafern Neuroptens This was

common 300 mill |ong/ears ago. At th at time, most
creatures lived in thé sea and only a few amphibians
could survive on land.

Iants remajn msgt e. Another w for Iant fosstls to
Ereserved s under la ers ofvo anic ?
oal seams are anc source of Ejalant ssils. Coal is
formed from vegetatlon that gathered In ancient
swamngn%h%re%a ela%ltnf%sas%s\/?ocuona Seam|sfter nt parts
ofth% Worl%l c?en)tlst? have Work ettj out?tow ?1 é) ntl-
nents o egrt once fitted tor?et or. These continents
nave dnft art over millio year?J
Al wc an etook lace somte time pefore, about 6 3
million vear | Na

200 then OWEnINg ¢ [ants
become \Widespread. Some people see thee tinction of
176
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the dinosaurs at this tim as more than coincidence.
LA T ol o
t/)vou?d hav CE)I oP The meat -eating dinosaurs Woum
have had no prey to feed on.

Paleomagnetism

The MAGNETIC FIELD of the earth has not always, been
the same. Its stren th nas varied over the years. In the
distant astcf agnetic POLES have wandered. and
even reversed. A co eass needle would have pointed
n ar%une fferent rectlon from today. Paleomag-
netism IS the stuay of these ch anpes
There are fwo main tylo %of 0CK geneous and sedf<-

mentarX lt]tneous '0CK” IS Tormed when molten roc
cools and tdrns. Into asohd AS th|s ha pens tlnn mag-
netic particles in the rock h e i emse ves Up wth the
earth’s ma netlcheld ust et|n 833 neeq e

edlme tary roi(s orm as paytl ces material fall
ot ebnttom of [akes ang seaﬁ As they. set e magnet-
|cp rticles alsg line up.with t entagnetlc el

These particles are f|xe N po |t on in the rocks.. B
measuring the magn Icf leld of rock samples, sme
t|sts can wor out T nec jon 0f t fa netlcg
at the fIme the roc swere ormed Id rev []ses
every 100,000 to 10m|II|on years. It takes less than
2000 (}/e(ars t0 SWItch

Racks, on the Atlantic Ogean floor show clear mag
netic stnges when measured In this way.. They act [ige
a tape re ordmg of the changing fleld 3|nee h M
are Dein pront ced continuqusty_jn the middle of t
ocean. T eAt antic IS W|den|ng This 1s one_of the best
p|eces of evidence that the Coptinents sit on huge

ates” that have drifted over millions of years.

Below: Paleomagnetic studigs of seabed rocks show
magnetic field stripes. This is because.the earth’s
magnehc fleld reverses from time to time.

spreading ridge

rrrrrrrrr

oceanic crust

oooooooooooooooo
cccccccccccc

direction of spreading and cooling



Paleontology

PaIeontoIogD 1S the studg of FOSSILS. The earth was
%rmed 4.5 pillion vears ago, and the oldest fossil 1s
%ut?)blLImh years olg, f Was a BACTERIUM, It seems
ave taken another billion years 8r the first ALGAE
to form. Thelr fossn? have been foa It Cahada The
earhest fossil animal IS Ahst 000 miffion vears old, The
st vertebrate, or anjmal with ah 8kbo ]eas We have.
was 3 rather simple fish. Itf fossil dates
|on ears ago Reptiles EVOlVed S00N @ ter
hoquht ore were sm |mamma| |vew hen th e
dinosaurs %ame extinct a ?ut 65m|I 10N ¥earf 9
seehts that humans have only existed for the [as few
[ljon years. Most experts believe that human eINgS
evoIveS(iIam Africa and then spread slowly Into Europe
Fossns also In |cate how the e[a %h S climate ano
ear NCE asc ed urlng this time. Fossils
|ca of troplca ora reefs occur In hort erh
land, for exam le. Between |ce atttes the whole
obe Was warmert an It 1S naw ThIS S % ianmeht
I|m tef through fossils Is called galeoch ato %1%/
n]% elp us. to" understand more about the results o
global warming.

Below: The fossil of a trilobite found in Coal County,
Qklahoma. These fhstant ancestors of the woodlouse
I|veda out 500 milfion years ago.

t(h 350 mil-

Paleontology

Paleozoology

Paleozoology I the stud of prehistoric Plants and an-
aIst rou thelr FOS LS Si ce th]e 3t studies In
eear 3/ 0 paIeozoo o |sts ave found out a great

geal anout such creatures sdlnosaurs They caneven
ng out how they behaved.

e 0f e Mogt amous Tossily s that ofa feathered
reptile

ecpt hnk hetween re tlle% arYd hirds. When the tﬁ rslt) of

%hese fossIlS was dl? overed In the 1880s, It h elpeg c?
Irm the theonﬁs of EvoLUTION put forward b?/ Charles

Darwin and others, Re%ehtlg/ owever. one {o ?leh

tIst has SUgg %Red that the fassil Is simply a clever fake

Few experts pelieve this.

Above: Archaeopter¥ the e arIX b|rdI|ke fossn There
are clear ﬁatternso athe e rock, but one
scientist has claimed that these have heen faked.

As well as the fossil pa 5) d’tﬁtns (Jn r0CKS, smeh fISts are
now examining fossilize CELLS from |s that
lived 100 millionh vears a o They are also search |hr%1
remains of anclent bones for DNA. If some |s fourid, |
can ne amplitied and studied by the techniques o
Igehetle fingerprinting. ExPertsr e out the chance of
econstryctind a dinosaur from its DNA, however.

One of the reat mysteries of paIeozooquy s the rea-
son the dinosaurs became extinct about 65 million
years ag? Tnere_are over 40 aifferent theor| S 10
account for thls eeurr (i favont e 1S th at a huge

lstermd nit the earth. The dust oud thrown ug
tered the ehmate so mych that Jarge reptiles clp
N0 longer remain alive - but the tiny” MAMMALS of the
time suTvived.
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