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THE EARTH

This unil deals with

» Originand evolution of the earth; interior of the earth: Wegener's
continental drift theory and plate tectonics; earthquakes and
volcanocs
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CHAPTER

o you remember the mirsesy chyme
o Twainkis, twinkls little stor, "7

Stamy nights have alvways attracted s stmee
the childhood. You may also have thought of
these stars. and had mimmerpus gquestions in
your mind, (Juestions such as how many stars
are there in the sky? How did they come into
existence? Can one reach the end of the sky?
May be many more such guestions are shll
there in your mind  [n this chanter, vouw will
learn how these “twinkling hittle sters” were
formed. With that vou will eventnslly alsoread
the story of origin and evolution of the earth,

Eaimy TheEoRIES

Origin of the Earth

A lavge number of hypotheses were put foeth
by different philosophers and scientists
egarding the origin of the earth. One of the
ATy and poplisr srgmnenis was oy Geomnsn
phtlosopher Immannel Kant Mathematicisn
Laplace revised it in 1796 It s known as
Nebulsr Hypothesis. The hypothesis considersd
that the planets were farmmed ont of 3 cloud of
material associnted with & youthfnl sun winch
was slowly rotsting In 1950. Otto Schmidt in
Russia and Car] Weirascar 1o Germany
samewiat revised the ‘nezbulsr hypothesis|,
thoush differing in details, They considered thnt
the sun was smuronnded by solar nebula
cmtaining mastly the hydrogen and helums
glomg with what msy be terined a5 dust. The
frirtinn aned enllision af particiss Iod to formabion
of a disk-shaped cloud and the planets were

TaE OriGIN AND EVOLUTION
oF THE EARTH

formed throiigh the process of aceretion.
However, scientists in later period tosk up

the probiems of origin of niniverse rather than

that of just the sarth or the plansts.

Mopers THEORIES
Origin of the Universe
of the wnverse (S the 55 Beng Ieary. [t isalso
cailed =xpsniing nniverse Svpothesis. Edwin
Hubble, n 1920, grovided evidence: thiat the
univers? is expanding As timie passes, galiies
move Mirdhsr and furifisr apart. You can
experimentand find whest doss the expanding
umiverss mean. Takea ballson apd matk soms
ponts on it to represent the gatasies Now,
vou start infEnng the balloon ths points morsed
an the balicon will appe=ar to Be moving away
from each gther a= thes balicon =xpands.
Stmitarly, the distences betoeen the gplaxies s
aiso found te be ncressing and theretv, the
universe is considered te Y& sxpanding.
Howsver, vou will find that besides the increase
in the distances bHebwesn the points on the
balloeon, the puints thenssves are cxpandinsg.
This i= not in ascordance with the fact, Scientisis
believe that though the spacs betwesn ths
gataxies {is increasing. ohservations do ot
support the sxpansion of galaxies. So, the
balloon example is oniv partially correct

The Big B;u:l_g Thegry considers the
foliowing sisges in the development of the
UIMVEISE

{1} Inth= beginning allmstter forming the

universs existied in one place in the form
of 2 “tiny ball” (singular atom) with =n
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at any point of time. Howeverwith
greater evidence becoming availahle
abont the expanding wuniversse:
scientific comrmunty: at present fevours
argpurent of expanding Hniverse.

The Star Formation

The distribubtion of matter and emezgy
was pot even io the early universe;
Thesenitisl demsity differences gave
nise to differences in gravitational
forees-snd it eaused the matter to g=t
dr=wn todethen These formed the
bases for development of g3l=xces, A
Fai=xy contains-s larde numben of
sters. Galaxies spread over vast
distances that are measured iz
theusands of -Jight-vesrs. The
dismeters sl mdividnal gala<ies range
from §4.080-150.6800 hiht years. A
galaxy starts o form by accomulatien

Szl of hydrogen gas 1o the form ef 3 very

Figure 2.1 - The Sig Bang lorge elond-called pebula Eventusily,
i : growing-nebuls develops loealised
clumps of gas: These clumps continue to grow

unimagmahbly small yolume, mfinite
temperaiure end nfinite density

) -At - the Big Bang the “tiny ball”
sxploded viglently. Thisled to a huge

into sven denser gaseons bodies, giving 1ise fo
formabion of sters,. The feomation of stars is
belisved to heve tshen place some 5-6 billicn

YeaIS a0
sxparsion. tis now generally scespted
that the evernt of big bamg took piace A Ught vear {3 3 m=asure of distance =nd
13.7 billion vesrs befors the present agt of dme Tight TT=vsiE at 2 spead &
Th=e =xpansion continuss sven-to the SU00, 000 Tm fsecondd. Considering tals;
present day. As i giew. SoIne energy the dizrances the Hghe will inea=t W one

vear is 2ken o be one lght vear This
was CoOoverted into metter There was - iy il =
£guzls (o 2461 19 Em. The mean

perticnlarly rapid &xpansian within distanes betwesn the sun and the sarth
fractions of = second after the bang. fs 149,588,000 &m. In terms of lght
Thersafter, the gxpansion has slowed vears; it 1= 3.31 Iminutes; '
down. Within first three tminutes from
the Big Harg event, the first ntom
began to form.

() Within 300,000 years from the Big The {ollowmg &re comsidered to be the stages
Bang. tempsrature dropped te 4 500K in the development of planets

Formation of Planets

[(BE=bvim) ond gave 1ise to atomicmatier [} The stes= are locskssd lumps of g=2s

Ths MIHYETSE becami=s ml:mﬁ'_i within & nebuls Thes gmﬁﬂm:—al e

The expansion of universs means increase within the hnngs I==d= to the foomaticn

in space between the galaxies Analtsrnative of & core to the gas clond and 3 huge

to this wes Hovie s conecept of steadyr sfafte It roteting dise of gas and dnst develops
cnsirieTed the unitver== (o' ronghly the same argund the gas core.
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THE CYRIGIN AND EVOLLITION OF THE EaRTH

[l In the next siage. the gas cloud starts
getting condensed and the matter
around the core develops into small-
rounded objects. These small-ronnded
abjects by the process of cobesion develop
tnto what 1s called planetesimals:
Larger bodies start forming by collision,
and gravitational attraction causes the
miaterial to stick together. Planetesimals
are a large number of smaller bodies.

il In the final stage, these large number of
small planetesimals accrete o form a
fewer farge bodies i the form of planets.

Evovrmion oF THE EanTh

Do you know that the planet earth intitally was
a bammen, rocky and hot object with i thin
atmosphiere of hydrogen and hettum. This 1=
far frum the present day picture of the earth.
Hemes, there must have been some evenits—
processes, which may have consed this change
from rocky, baoren and hot earth to a beautiful
planet with ample amount of water and
canduetve atmosphere favourng the existence
of e, In the following sectton, you will find
oul how the pertod, between the 4,600 million
years and the present, led to the evolutton of
fe on the surf@ce of the planet

The earth has a layered strocture. From
the outermost end of the atmosphere (o the
céentre of the carth. the materal that exists 1s
not uniform. The ammospheric matter has the
least density. From the surface to deeper
depthis, the varth's intedor lias different zones
and each of these contalns materals with
cifferent charmctenistics, '

How wis Lhe layered struciure of the
earth developed?: 3

Evolution of Lithosphere

The earth was mostly ina volatlle siate during
Its primoriial stage. Dae to gradual Inerease
In density the temperature Inside has
Increased. fAis a resull Lhe material mstde
started getiing sepamited depending on Lheir
densities. Thits allowed heaviermaterials (Hke
Iron) to sink towards the centre of the eartl

5

and the lghier ones to move towards the
surace. With passage of time 1t cooled further
and solidtfied and condensed into a smaller stze.
This later led to the development of the outer
surface in the form of a crust. During the
formation of the moon, due 1o the gant Impact,
the earth was further heated up. It is through
the process of differentiation that the earth
forming material goi separated into different
layers. Starting from the surface to the central
parts. we have layers like the crost mantle.
cuter core and inner core. From the crust to the
core. the density of the matenal mereases. We
shall discuss i detall the properties of cach of
this layer in the next chugster.

Evolution of Atmosphere and Hydrosphere

The present composition ol earth's oI
is chicfy contributed by ntirogen and oxygen.
You will be dealing with the compeosttion and
structure of the carth's atmosphere In Chapler 8.

There are three stages in the evolution of
the present atmosphere. The frst stage Is
marked by the loss of primordial atmosphiere.
in the second stage. the hot mtertor of the earth
contibuted 1o the evolution of the atmospliere.
Finally. the compostion of the atmosphere was
modifted by the bving world through the
process of phatosyrithesis.

The eariy stmosphere, with hydmogen and
hellurm. s sapposcd Lo have been siripped off
as a resull of the solarwinds. This happetied
not only in case of the carth. but also i all the
terresirial planets. which were supposed to
have lost thelr primordial atmosphere throagh
the Impact of solar winds.

Dhuring the cooling of the earth. gases and
waler vapour were released from the Intssior
solll earth. This sianed the evolutlon of the
present atmosphere, The early atmosphers
largely contathed water vapoiir, niirogen.
carbon dioxide, methane, ammonta and very
Hitie of free ouveen. The procoess through which
the gases were oulpoured from the mitenor =
called degassing. Continuous voleanic
eruptions contributed water vapour and gases
to the atmosphere. As the earth cooled, the
walter vapour reléiased started getling
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condensed: The earbon dicxide inths
gtrmosphere gol dissoived I rstiswslss
and the t=mpemiture hinther decreassd
causing more cpndensation =nd more
r@ins. The rminwater falling onto the
surface got collected In the depressions
to give rise to ocedns. The edthy's oeeans
the fermation of the sarth. This iells ns
that the goeEns st as gld as 4 000 million
years, Sometime around 3800 millicn

vears age, life began to evelve. However.
mr.mr;i_::ﬂﬂ 3,000 mllion years before
the present, the process of photosymthesis
gﬁt evebizd. Life was eonfined b5 the
oceans for = long Hme. _Gcn:@s ‘began to
have the contribution of oxygen throngh
the process of phofosynthesis, Eventually,
ceeans were sainrated vilh oxygen, =nd
2,000 millinn years ago, oxvgen began to
fiood the atmosphere-:

FUNDAMENTALS OF PHYSICA! CEOCRAPEY
Origin of Life

The last phase in the evolution of the garth relates
te the ongin and svolution of life: It undonbtedhy
eiezr thet imibally theearth or even thesbmosphere
of the earth was not conducive for the development
of life: Modern scientists refer to the origin of life
gs =z kind of ch=mics]l resction, which first
generated complex organic molecules and
assembled them. This assemblage was such that
theyv 'could duplicate themselves cooreriing
inammste matter intoliving sabstanes The seoord
of ife that existed on this planstin different periods
is-found in' rocks i the form of fossils, The
mcroscopic shoctures closely related o the
presert form of bBlug slgas have been bimsl in
genlogical formations much oidsr tithn some
3,000 mithon yedrs, I can be assumed- that life
began tosvolve sometime 3 800 million vears ago.
The summary of evelution of Yife fromn unicelhalar
bacteria tc the moderm man is given in the
Geologica! Time Scale on page 18,

— EXFERCISES .. _

i. Multipls cholee guesiions

it Which one of the following fifuvres represents the ege of the sarth?

f2] 46 millon years
(b} 12.7 billlan vears

(2} L6 Hllion vears

idl 137 uillion years

fHl - Which one of the follswing s nar relaved tn the frmstien o modificadten

of tha present aomosphere?

{a] Solar yrinds
(b) DffErentiation

{c} Gegassing
(d) Fhomsynines|s

(W) Life om the edrth appeared around how many vears before the presenc?

Bl19E.7 billlon loh 48 willlom
b 28 million idi 28 hillion
Z  Answer fhe following questions tn about 30 words

U} What s medne by the process of differensiation?
[l  What was the notwres 02 the earth surigoe nfiiglly?
fill  Whkat were the gases which intdlofly formed the earfii’s atmesphere?
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et
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< Answer the following questons in shout 150 words
i) Write an ==planzt=Ty nots on the ‘Bl Bang Theony
I Lier the stages in the svolution of the =arth znd sxplain each stade In
bri=f '
Project Work

Collea Ifomstdon 3:]1:1:1 the profect "Stardust” iw&bﬂE v selefie S blie hi]
and wwwonasm ody) aleng the fllowing dnsc

11l Whick {=-ths afency fhat has Jsunchsd thi=s project?
{1 Why are scientisrs interssred o coflerting Srarduse?
i) Where frmm the St=rdust iz being collectsid™
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