CHAPTER

1= orean water is dynsenic Iis phiysicsi

characteristics like temperature.

salinity, densiiy and the sexternal
forees like of the sun moon and the winds
frifluence the movement of ocean water, The
in octean water bodies, The horizontal motion
relers o the orosan cuurTents #nd waves, The
vErtical motion reiers o fides: Ocean curr=nts
are the contitmion= Bow of Imige ‘smmcunt . of
water m a defimite dirtection while the waves
are the horirontal moton ofwater. Watermoves
atiead ffom one piace to snother through ocsan
currents whils the water in thewaves dees oot
miove, but the wave trairis move shead, The
verical motion relfers to the rssand 51 ol watsr
in th=oceans and sega  Dhie o attraction of
thie sy and theTam  theooom wateris Taissd
ug-and falis down wiced dey, The u]:r'DFEIEﬁg
of coldwater from suhsurface and the sirlkang
of surfasce water e also looms af vetical
motion of Goean wWatksT,

Waves

Waves are actually the ensrdy, not the watsr
a=such, winch moves across the ocsan suriace.
Water particles oulr branel ind small cirpleasa
wave passes. Wind provides enscgy to the
waves Wind eatises waves to iravelin the ocean
and the stisrgy is reieassd on shorelines. The
motiom of ths surdace witer seldom affecis the
stagnant desp bottom water of the oczan=. As
a wave gpproachess the beach it siows down.
This js due'to the frirtion occuring betwe=n
thie cvmEmie watET and the == loor, And, when
the= depth of w=ter is IEs5 than half the
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wavelsngth of the wave, the wave bisaks, Th=
largest waves are found n the open oceans:
Waves continue to grow largeras they move
and absarb energy from th=wind.

Maost of the waves are caused by the wind
driving against watsr. When a breezz of two
EDE‘BETjEE‘-'- biow= over caim watsr, small

ripples ferm and grow 2= the wind sp==d
increasss unill whife caps apn=ar in the
Eﬂﬁhrg'ﬁ.—-ﬁ'ﬁ Wase= m=y trevel thousands
of ki befors mlling ashore, m=aking and
dissolving as surf,

A waves size and shfpe reveal ifs arigin.
Steep waves are faith young ones and =e
probably Tormsd by lecal wind. Slow and
sizady waves cOoginsts from Br away olsces:
pessibly from another hemsphers, The
maximum wave hoight =2 determinsd by the
strength of the wind iz, how long it Hlows=and
the srea over wihich it biows in & singls direction.

Waves travel Gecauss wind pushes-the
water bodic in its course while gravity pulls the
pushes the former troughs upward, and the
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MOVERENTS OF OCEAN WATEE

WETE Moves t0a new position [Figuore 13.1).
The actusl motion of the water bensdth the
waEves is cireulsn [t indicstes that thindgs-ars
ca&rried up aand forw=t as 'th=s wase
spproaches, and downand Back #s it passes=.

Characteristics of Waves
Ware ore=t and gough @ The highest and
lowest points of 2 wave are called the cresl
and trough respectively,
Ware haight - It 1e the verical distancs
from the bottom of 2 trough' © the @p o
= crest of 4 wase '
TWave amplffucs | It is ens-half of the wave
height
Tizve perfod It = merely the tims interval
beti=en two successive Wave Cresis oI
toughs s=they pass 3 fixed point
Wevelength 1 It is- the horlzontal disz=nce
Wars =p=sd @ It is fhe reie 5t wWnich ths
wave moves through the watsr, and i
measmwed In nots
Waisfreguency': It f= the numbsr of wares
peEssing & given poinc during = one
zerond time fnrervel

Tme=s

The periodical rise and f2ll ofthe sea l=vel, once
or twice a day, mainly due to the attraction of
the sun and the moon, is called a fide.
Movement of water cansed by metsoroiogical
effects (winds and ztmospheric pressure
changesi gre called surpes. Surgss == not
regulsr Hk= tides. The study of tides is v=rv

The moon's mnm'sﬂ pull o a grzat
extent and to = lesser extent the sun's
gravitationai pull, e the major cansss for the
cecurrenre of tides. Ancther factoris centrifiigal
force, which is the fores that acts to counter
balanre the gravity: Together, the gravitational
pull and the centrifugzl force are responsihis
for creating the tvwo major tidal ulges on the
earth. On the side of the sarth facing the moom,
a tidsl bulgs soours while on the opposite side
though the gravitational sttracton of the moon

ros

is less as itis farther away, the centrifugal force
causes tidal bulgs on the sther side
[Figure=13.2]. '

The tide-generating fores is the differemes
between thess'two forces: Le. the gravitational
attraction of the moon and the centrifugal foree:
On the surfarend the earth, nearest the moon.
pull arthe attractive foree of the moon i= greater
than the centrifugal fores and so thers isanet
foree causing a bnlge towards the moon: O
the opposite side of the earth the attractive
force is less. as it is fasther away from themoon,
the eentzihngal foreeis dominant. Heniee, there
is a net force away from the meoon. It creates
the s=coi:d bulgs away from the meon. On the
suriace of the sarth ‘the horizontal tide
gensrating forees are'mors impertartt than the
vertical foress in gencrating the tidal bulges.
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The tidal bulges on wide conbnental
shelves, have grester hieight When tidal bulgss
hit the mid-poeanic islands they hecome 1ow,
The shape of bays and estusries aigng =
coasthine can also magnify the intensity of Gdes.
Fannel-sh=aped bays greatly change tidal
megoitndes. When the tide is charnnell=d
between island=s or iois Days &and ssinarss
they are called Hdal cnrrents
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Tides of Bay of Fundy., Canada

e highsst tdes In the world ocour In
ths Bay of Fundy in Nove S¢otla, Canads
Th= rdel bulge 1515 - 18 m Beenuss
there are wo high ddesand o low ddes
=very day froughly 2 24 hour peried); chen
2 tide must came in within ahout o six
hrr period As = = rough sstimate, the s
rise= abant Z40) om an hoor (1,440 on
divided by & hours). i you have wallked
dizwn a beach with a stesp ciiff alongsigs
[=which {3 common thérs), male surs vou
waich ths odsz # vou =ik for abotic 2n
hour and thsn notics that the dd: i=
corming fngofne werer will Be oveEr wour
head before vou ger back o whers vou
sTared!

Types of Tides

Tides vary in ther frequency. direction snd
movement from place to places and also from
tim= to time. Tides may be grouped nte vabous
types based on ther Tequency of oociirzenice
in ane diay or 24 hours or based on their height

Tides based on Freguency

Sepr-fiignal fife - The most common tiaiat
patism. featuring two high'sides and two low
tides earh dav. The sucressswe high or low tides
aTE ap'p‘ﬁ.}_‘ﬂ:l:ﬂltﬂ'i‘ af the same height.

Dhrrnal fide:. There isonly one high Yde and
ane low tide duning each day, Ths successive
nigh and low tidss are approametely of the
same= Helght

Mixed tide ; Tides having variations in height
ciocur along the west eoast of North Americs
and on manyisiandd of the Pacific Ocsan.

Tides bassd on the Sun
Teoibions

v, Moon and the Earth

The height of sising water {high tids) varies
sppreciably depending upen the position of
sin apd moon Witk resgect fo'the ezrtin
Spring tides and pean Bides come nnder this
CREELTTV.

EONDANMENTALS OF FHYSICAT GECGERSPHY

Spriny fides: The pesition of bath the sun and
the moon In relstion to the earth has direct
bearmg on tide height- When the sam, the moan
and the ed=th 5re In & straight in=, the height
of the Hde will be higher. These ars called spring
tGdes amd they occiir twite a fnoith. one oo
fill miesn geriod and snether during new moan

perind.

Neap tides . Nommally, there = 4 sevem day
interal between the-spring tides and neap
Hdes. At thiz time the sun and mobs are at
right angles to sach etherand the foress ofthe
sun and moan tend to eounteract ang ancther.
The Moon's attraction, though more than twice
Bs-=tyong &5 the sun's, is-diminished by-the
countsrscting foree of theson’s gravitational
gull.

Onrein g month whenthe meon's orbitis
ciosest o theesdh [perigesl onnsusllvhizgh
and low tides occur. During this tims'the tidal
rangeis greater than normal. Tooweelss later,
when the meon isfarthest from earth [Epoges),
the moon's gravitetionsl foree 15 limited and
the Hdal ranges are less than their average
heights: '

When-the sarth is closast to the sun
(perdkelfor). gronnd 35 Jenvary each year,
tidal ranges are also murh greater. with
onustaElh:-Eigh snd untsuaily-low-tides: When
the sesth is farthest from the sun [Zohelios],
arpund dth Jnly ezch year, tidal zanges ars
maeh =5 than aversge.

The time between the high tid=and low tde;
whsn the water level iz falling, i=called the =bh.
The-tim= betws=n ths low tide and high'tds;
when the tide is Tising, i= called the Sonor foed.

Simre tides sre can=ed by the esrth-moon-sun
positions wirch sve Enown.scrarstely, the
tides can be predirted well in advance, Tins
heips the navigsiors and fishermen plan their
activities. Tidal figws are of great importance
i nevigetion. Tidel heights are veryrimportent,
especi=iy botrs oesEr Tivers end withdn
whirh grevent ships and hoats from entering
imto the harbonr, Tides.are also belpinl o
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MOVERENTS OF OCEAN WATEE

desilting the sediments ‘and ln removing
polluted witer from river estuaries. Tides are
used to generate electrical poveer [in Canada.
France. Bussia, and Chiss)l, A 3MW tuisl
power praject at Durgaduand in Symderhans
cf West Hengsl = underway.

Oceay CorreENnTs

Orcean ciirrents #ve like river flow - in obran=.
Theyrepresent a regiifar vohime of waterm =
definite path and ditection. Oe=an cuments ars
mflzenced by two tvpes of forees namely
fi} proimary foeres that initiate the movement of
water; (il serondary forces that infln=nse the
currents to flow,

The primary forces that influenees the
curreEnis are: {§) hesting by solar energy:
(i) wind: {fit) gavity: §ivl conclis force, Heating
by solar energy canses the waler to expand.
Thati=why. nesr the equstnt the ocean water
is about 8 om highsr i I=ve] than in the middle
lhtitudes, This cansss a very slight gradizmt
endw=ater tends to How down the slops: Wind
blowing on the surface of the ocean pushes the
water to move, Fneton between the wind and
the water surface affects the movement of the
water body i its conrse, Gravily ends s pnll
the water down the pile and cr=ate gradi=nt
variation. The Ceriolis forcs ntervenss and
czuses the water to minve tn the right in the
northern hemisphers and to the left m the
southern hemisphere These largeaccumulations
of water and the flow around them are called
Cyres. Thess produce large cirenlst cusrenis
fn all the oeean basing,

Characierteiies of Od¢san Cirents

Cinrenis are reforred 1o By Ol “8nfT.
U=suglly, fhe sOrfeHs Sre SITongest Nesr
the surfaes and moy-attgin speeds oves
five knotz. At depehs, ewivenis are
generally slow with speeds less than G35
knnte. We tefor @ the spead of g cxyrpent
&5 it= "drifi = it 5 messared In =S
af ks The siz=nath of 3 curr=nt refsr=
o th= sp=ed of e curTent. A st surTer
£2 congidersd Stvong. & cuTeEnt 5wty
strongest at the surfgre-and decreases
tn sirength [speed) with deprh. Most
currents heve speeds less than or egusl
o Sknoie

Differenres in water ensity affect vertical
mobility of cocean currents, Water with ngh
aslimity {5 denser than water with low salinity
and in the same way cold wateris denser than
wa=rm water. Den==r water t=nds to sink whils
relativelv ighter water tonids toriss. Cold-=matsr
cesaEn currents gocur whess the cold weterat
the pnoles sink=sand slewly mioves towards thes
equetor, Warm-water currents travel out from
the equatar along the surface, fiowing towards
the poles to replace the sinking cold watesrn.

Types of Ocean Currents

The pcean ciirrents may beclassfed bassd an
their deoth as surface currents and deep wat=r
currents | i) surdEce currentseonsEtutsabout
10per ceot of 5]l the w=terin the obe=n thess
waters are the upper 480 m of the ocean;
(i} desp water coprents maks up the other S0
per cegnt of the gesan walen Thess waters moove
around the crean badins due o variations in
the density and gravity, Desp waters sink into
the desp coean basins at igh latitudes where
the temmperatures are cold enough to cause the
density to inerease

COcean currents can 2lsc be classified
based on temperature ; 35 cold currents and
wann ourrents; [ij cold corrents bng eold
water miowarnm water areas. These currents
ate usually found on the west coast of the
eontinents In the low and middle latitudes
[true in both hemispheres] and on the east
coast inthe higher latitudes o the Northern
Hem:sghere; (@] varmm cugents Song warm
water nto cold water areas and are nsualtly
ob==1ved on th= ssst coast of conbinents I the
low and mmddizs Isttudss [{ttu= io Hoth
hemispheres). I the oorthearn hemisphers
they are found on the west rozsts ol continents
i ghistitiines.

Mafor Oecin Corresris

Maior ocean currents are Freathc influenced by
the stresses exerted by the prevailmg wands and
corielis forre. The poeanic crenlation patterm
rraghly comesponds in the sarth's atmnsphenc
circulntion The sirriscnlatism over the
geeans in the middle latitudes is mamly
anticydonic ([mors pronounced in thesouthem
emisphere than in the northermn hemisphers)

The oceanic carculation pattern also
corresponds wih the seme. At Tngher latibades,
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whete th= wind Bow i=smestly cxclonie, the
Goeanic crculation follows this pattern. Is
regions of pronounced monsaons! flow, the
monscen winds-influence the eurrent
movements. Due to the cogalisforce, the warmm
currents from low latitudes tend to moveto the
right in the northern hemisphers andto their
ieftin the southern hemisphs=te.

The oeeanic circulation tTansports heat
from: one Istitude Beltto anetherioa mann=r
similer to the hest trtansported by the genesal
cireulatinn of the atmesnhere. The cold waters
of the Arctic and Antantlic circles more towards
waTmer watsr m tropleal and sguatorial
regions, while the wans waters of the Jower
latitndes move polewards. The major cusressts
in the different aceans 5re shiram in Figir=13.3.

Prepare o list of currents which ars
fornd in Pacific: Arlomyic and dian
Ceeans

How is the movement of CUIEents
influsncad by prevailing winds? Give

Effects ofUcean Cunrenis

Oeoean current= Have-a number of dircet and
imdirect influences on nunan actvities West
ecasts of the continents in tropical and
subtropical latitndes [execept closs to the
equeinr] &re bordered by cool wai=rs Their
averags temperaiures are relatively lowwithea
Harrow diurns] snd srmual renges. These i85
fog, but gemerally e dreas sre arid. West cossis
of the continents in the middle and higher
mtitudesare berdered by werm waters which
catse a distinct marine climate. They a1
characterised by cool summers and reistiveiv
mild winters with a namow anmial enge of
Emperatures: Warm curreats How parslle o
the east coests of the continents in tropical and
subtropical latitudes. This results inwarnm and
rminy chmates. These areas li= in the western
margins of the subtropical anb-cyelomes, The
mixing of warm and eold currents help to
replenish the oxygen and favour the growth of
planktons, the primary food for fish population.
The best fishing grounds of the world exist
mainly in these muxing zones.
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— EXERCISES

1 Muttiple choles guestons.

n

i1z

£t

[t

Cpward end dosme=sd movement of ocedn water 2 lmiden 25 tHe:
j2| dd= {e] wave

(k) current {d) nanz of the above

Spring tides are cansed -

la) _&s résult of the moon and the sun pulling the srth gravitationally
in ths same direction

(Bl As result of the mnen and the sun polling the esrth gravitsdonsily
tn tH= Gppoaiie dirersion

el mdenton fnv the: cozsc fine:

Id)] None of the above

The giztovics betwesn the carth ane M- meon iz -srinimnm when the moon
i=in:

|2} Aph=iton I¢) Parihsiion
(b) Periges (d) Apoges=
The Sarth resches iis perthalisn n:

fz) Osober (el July

Ib) Seprember () (Jansary

2. Answer the following guestons e shom 20 words:

i)
{u]
{1}
15w}

v

What ars wares™

Where dowaves Imthe-ocean: der thelr snrpy fTom?
What =re ‘ez

How are tdes caus=d?

How. zr= thies related to navigsrion?

3. Answet the following poesHens i ghont 1S5S0 words.

f1)

]

Howde corents affectihe temperature? How does it affect the temperanire
of coszial aress tn fhe X W Eurape?

Wh=t are the caisses of currencs?

Project Work

it

EEY

Vizit a'lake or = pond and cbeerve the movement of waves. Throw a stone
and modos how Waves a2re genersied.

Take 3 globs and & map showing the currents of the oceans Discuss why
cegiatn CuFFenls are w=aTm of cold and sy they dedest in ceriatn places

—&ngd eyamine the ressons.
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