
 

ThemagneticfieldofTheEarth

TheEarthhasamagneticfieldwhichextendsfromitscoreouttospaceThemagnetic

field near thesurface can beviewedas averybigbarmagnetthroughEarthtilted110

w r t Earth'srotationalaxis DipolarApproximation

fJ

DynamoTheory

It providesamodeltotryandExplaintheOriginofEarth'smagneticfield µThedynamotheorydescribes aprocessthroughwhich arotatingconvecting

andelectricallyconductingfluidmediumcanmaintainamagneticfieldoverastronomical

timescales AlsoforJovianPlanets Mercury

TheOuterCoreoftheEarth

Temperatureabout3000 4500K inouterregionsand4000 8000Knearinnercore

side Mag fieldthereis 2.5 MT X50strongerthanatsurface

The outercore is notunderenoughpressuretosolidify soevenif itscompositionis

mainlyiron nickelliketheinner core itremainsmostlyliquid crust outercore

mantle

whydoesthecoreremainhot

1 Heatwhenplanetformedandaccretedbeatnotyetlost Innercore

2 frictionalheatingcausedbydensercorematerialsinkingtowardscentre

3 HeatfromdecayofradioactiveElements

1 PlanetaryFormation andHeat

Sunradiatingenergytoentiredisnasi BeforetheformationofthePlanetsoursolar
keepingalltheroarspresentveryHotMyly e n i p systemwaslikethat a hotgascloudorbiting
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In thatdisksomeofthesehotparticlesdecidedto
molten

collideresultingin a bigaroommadeupof amass

YoungMolten hotmaterials

Earthstillin Sincetheplanetisvolumetricsomeofthe

accrationdisk particles inside areshieldedfromthebeatof

Asotherplanetsform thesun leavingonlythesurfaceOfthenewly

x accrationdishdissociates formedplanet torelievetheheatofthesun

andheatislessevenlydistributed

starts tocooldownbyradiation toemptyspace

CooldownThrottling Unevencooling i Heatequation
WhenEarthwasstill in itsyoungmoltenstate itwasmadeupof rocksmadeofdifferentelements

evenlydistributed throughoutthesphereAstimepassedtheheavierelementssametothecentre

duetodensitydifferencesThiscompositionalconvectionbringsaboutfrictionwhichgenerates
2000kcontributionadditionalheatintheplanet 10000Kcontribution

T
Also theheatescapesfromthecentreveryslowlyastheEarthismassiveandtheflowof

theconvectionalcurrents areslowedastheyhavetotravelthrough a largeamountof

matterbeforeescapingto thesurfaceTheprimordialheatremainstrappedintheinnerlayers

Furthermore theinsidesoftheEarthhasradioactiveelementswhichreleaseheatenergyupon

decay PotassiumUraniumThoriumdecay Accountsforasmalleramount

AlsoAsteroid

Law ofcooling collisionwhichgenerated
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DQ McOT dQ moDT toEarth Friction
loss
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d t C SpecificbeatcapacityEarth inelastic

A SAOt
Ie heattransfercoefficient

I mustget PresentGeothermaltemperatureofEarth 16C

i betterdata AtstartmoltenEarthwasabout1982C

for all layersineachperiod Averagethem

WRITE CONCLUSION

BacktoMagnetism

Weknow thatferromagneticmaterialsinthecorecannotaccountforthegeomagneticfield

as core temperature iswellabovetheCuriepointof Iron 570C Rocks minerals

retainmagnetismbelowtheCuriepoint

TheDynamoTheoryprovides amechanismforthegeneration maintainanceofa geomagnetic
field
Anelectricallyconductivefluidmedium

kineticEnergyprovidedbyplanetarymotion

Aninternalsourceofenergytodriveconvectivemotionswithinthefluid

Aseedmagneticfield
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SUN

Generatesits ownmagneticfield OuterCore

acts as seedmagneticfieldforEarth EARTH Containingmolteniron

keptmoltenbyhightemperature

Mechanism inside Seemaintainance

ofgeothermalheat

OuterCore Innercoredeeper

Morepressure

more inside

InnerCore Providesheatforconvection lessheatescape

ofliquidironinoutercore hotter

IDuetoCoriolisEffect RotationoftheEarth

theflowofliquidmetal isorganisedintorolls Taylorcolumns

CoriolisEffect Afictiousforcethatactsonobjectswhichare inmotionin arotatingFORw r t

an inertialFOR

Newton'slawsdescribeobjectsin aninertialnon acceleratingFORWhenNewton'slaws

aretransformed in a rotatingFORCoriolis Centrifugalaccelerationappear

Note AFORconsistsofan abstractcoordinatesystemandthesetofphysicalpointsthatuniquely

fix locate Orient tbecoordinatesystemandstandardisemeasurementwithinthatframe



Toanobserverinaninereinforitheroad

Example thecarwinseemtoacderate.uteseesebecar

moving Inorderforthepassengertoremain

1 inthecaraforamustbeexertedontbe
Passenger.LA
orathatmakestbepassengermovewithtbecar

Tbesealformingpart
0 0 Road oftbecarisalsoacderatingandisthus

exertingtheForcethatmovesthepassenger
Persononroad togetherwiththecarRememberthe

passengerisnotmovinghimselfwithtbecor

itistbe.laerwhichismovingtbepassenger
thiscausesthepassengertoaccierateintbe

FORoftberoad
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y
ahisforabalanashimwithtbecarmaninghimfed

heisstationary constvelocitydespitebeingin
anace Fordthisforceposbesthepassengerbachinthe

seatuntiltbeseatcompressesandprovidesanequal

andoppositeforceThepassengoisstationaryinthis

v framebecausethefictiousaredforasbalace

Thepassengerisactuallymoving Healsoknowsthathecan'tmoveoutof
thecaralthoughhetooisaccierating.tbere

forwardwiththecarAlthoughhe
mustthereforebeaforcetoblocuhis

is in astateofaccelerationhedoesnot accelerationbutnotthatofthecarthis
feellseeaforwardforceasbeismoving forceshouldbeprovidedbytbecartokill
togetherwiththecar thefeelingofgoingforwardwhichisnot

bypeopainen
experienced.asgoingsamerateasco

togoinaccordwithnature'slawsNewton
Thisbacuwadforacexperiaadistbefictious

force

CircularMotion Fictiousforcesmakethecontentsof a non inertialFOR

stationarysothatNewton'slaws canstillapply

PropertyofNature Everyoneshouldbeableto

experienceNewton'slaws Even iftheyarerotatingacc
u

Everyonehashisown stationaryoutsideobserversneednotthiseffect

For toapplyNewton's law



V FromtheviewpointofaninertialFOR w r t theroad stationary a car at a

roundabout isacceleratingtowardsthecentreofacircle centripetalforceprovided

byfrictionbetweenwheels roadThecar isacceleratingduetounbalanced

force Nothingto counterfrictionbetweenwheels road

Fromtheviewpointof a rotatingFramemovingwiththecar thefictious
tendsto

centrifugalforcepush thecaroutsideofroad occupantsoutsideofcar

Thecentrifugalforcebalancesthefrictionmakingthecarstationary in

thenon inertialFOR

FICTIOUS FORCESAREPARTOFNON INERTIAL

FOR TOMAKENEWTON'SLAWSAPPLY IN THESETOO

USUALLY THEYWORKONLYIN INERTIALFOR BUTFICTIOUS

FORCESMAKENLsWORKFOREVERYONE
u v
HlswornonlyinInertialFORs WHY

CoriolisForce I Deflectedtorightw r tdirectionoftravel

inNorthernhemisphereandtoleftinsouthern

CoriolisEffectinMeteorology hemisphere
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Objectsatequatorrotatefastercovergreaterdistanceinsametime

F m m w mvw FAVA r

SupposeacloudismovingtowardsN poleRememberthatdueto

Earth it isalsomovingtowardstheEAST AsNorthdrawingforce

becomesstrongerclosertothepoles itsinfluencebecomesgreater

CurvedTrajectory

Supposea cloudisnowmovingsouth It isstillmovingEASTdueto



ppose cloudi v g L l v g
Y EARTHTheSouth drawingforcesbecomestrongeralsocausing

GravitationalForce a curve

providescentripetal

acceleration

Fo mg
RememberReactionisdirected

oppositetoweight

Fo Mg Fr
At poleFc O

Fr mg realweight
Atequatorobjectperforms

circularmotion

Fc atequator Muir
g

Fc mg Fr Ifp
FR Mg Eg Fr istheforceprovidedbyEarthtopreventusfrom

Non zero fallingtowardsitscentre

WeightEquatorsWeightPole Thenetgravitationalforcewhichresultsprovides
thecentripetalforce If earthrotatefast

enough s t Fc Mg Fr becomes ve

makingeverythingburyinthegrand



Coriolis Effect
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Suppose a man is standingonthegroundandlookingattherotatingtable

Hewill see a bodyrotatingaroundthenailwith aTension Fc M

Fortheman standing on topofthetablethebodywillappearat restbecausethe

body'sposition is notchangingw r t themanThusfromthepo v oftheman thereshould

be no forceactingon thebodyButheknows a Force centripetal isactinginwordon
the bodyandthat an outwardforceofsamemagnitudemustbepresent to

keep the body at rest Theoutsidemanknowsthis isfakeasheseesthebody

rotating But for the man on thetablehecannotreasonthatthere is a centripetal
forcewhichheknowsplusthebodybeing at rest Hethusconcludesthattheremust

be a radiallyoutwardforce tokeepthebody at rest
But whatprovidesthecentrifugalforceandwhyis it feltif it is fictitious

This fakeforce is feltdue to a changeinmomentum1OurInertia

Suppose we are in a car going in a straightlineandthen itsuddenlyturns

RIGHT Whydowe Veer left insteadofright directionofthecentripetalforce

Car going in Carsuddenlygoesright
i iStraightline

i

i

C y o
i
o

i
feel as if wentleft

We are l ie O
O o TE ogoinginstraight o µ a InertiakeepsusgoingstraightSince

line too thewhole car itselfisgoingrightwhile
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vwedo notnoticethatwe aregoing we are not we see as if weare

forwardas wearenotchangingposh goingleft Reallyinertiacause

w r t car In thisFORwethinkwe us to fadebehindthechangingmotion

are in equilibriumwithCar ofthe car
Weinsideour car thinkthateverything

isnormal wecannotknowthatthecar is

infactaccelerating fcentripetal

Toexplainthephenomenawefeltwearing

left wecall it thefictitiousforce
Both this are forces

µ
as mossis accelerating ThisforceinfactdoesnotexistThereal
relatively reasonwastheCentripetalforceacting

Massaccelerating in e on thewholeFORSincewe cannot

Fixedcoordinatesystem Realforce knowthat our wholeFOR was being

f
Bothgoingforwardno care acteduponWecalltheleft veering
onlylateralis accelerating

Mass fixed inacceleratingcoordsSystem effectof fcentripetalthe fcentrifugal
Fictionsforce Thelatterisonly a combinationofour

Since as car inertiaand achangingFORSince

rotates forward themass isfixedand coordinate
directionalsocharges systemischanging a forcealso

slightly we exeperraced occurs

a curved force
Carsuddenlygoesright

i
Actually i

i i
feel as ifwentleftlikethis o n

i
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Changein direction causeVforward to decreasealso

slightly

f Hit leftwindowdirectlyin theory
Go a littleforward hit left actually

This occurs because as the car turnshisforward

Velocity is now slightlylower A forwarddeceleratin

ThepersondoesnotknowthattheColhisFOR
hasdesceleratedandthusfeel a littleforwardacceleration

bysymmetry Thisgivesthe forward and path

Whatwould thepersonoutside see Asthe carturns
Drawingofwhatis actuallyhappening rightthepersonis

y still goingforward

outsider will see theperson inside missing hitting Givingtheimpression

the window ateachtime interval thathewenthtt



T theoutsidepersonseestheinsideone alwaysgointg
DirectionofCar i at a tangent

a

Dl
0 Theinside

personis constantly O
OutsideView µ huggingtheleft

i window
I Insideview

theinsideobserverisconstantly

hittingtheleftwallduetothiscentrifugalforce

Theobserveroutsidewillneverseethepersonhittingthewallbutas if alwaysmissit

makinghimappear onewiththecar Heseesthatasthepersonisabouttohitthewall

the car alreadymoved topreventhittingthewallSincetheotherpersonismovingwiththe
appearto

Car theeffectofhisinertiacausehimto.veerdeftwhileinfactitistbecorwhichismoving

rightwhilehisinertiamakeshimmaintainpreviousmotionstaystill

O
O a J

i
ioTheobject

willhitthe This iswhat is seenfromthe

bettwallfrom outside Awhekbloch Person car

theinsideview T Moving
o k o
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Earth
f

g 38 Rotatesrelativelyslower 2Tr
T F

it
O EarthrotatesEast

o 2Tro
0 Rotatesrelatively fast f

ForFOREarth

As theplanefliesNtheEarth

is alsorotatingbutwedoNotknow

so Weare onEarth

ApersonFar in space see theplaneGoingNE in astraightlineas
the rotation of theearth nullifiesthe appearanceofthepackagecurving

Icoords location

As the packageis about to curveEarthcountriesalreadycatchupwith
it making it seem that ittravels in straightlineNE

Easttraveloccursdueto

Earth rotation

On Earth we notice the curvature whichis infact our planetrotating
and us notseeing it whichmakes it appearas if we are goingEast

d FOR

I

a
T
t

like this Thisoccursas as wego
to higherlatitudes landtravels

I Slower fromreleaseatequator
dudat300hasnotyettracked
samedistance



westillhaveourthrustersblastingNorth

Butrememberwe aremovingtogetherwiththeEarth
whenviewedfromfar we aremovingNE
V wr

B Landon200canmoveslowerthan
a B zooslowervelocityeg 500kmh

j
at00sinceithasasmallerarc

a O Fastervelocityeg1000kmh tocover toremain in line over
A

A

zooslowervelocityeg 500kmh

Eastwards

Suppose acloudispresentat A100 It istravellingwithanangularvelocityof1000kmhSuppose a

gustofwindpushes itnorthwards It retainsitsangularvelocityof1000km hduetoangularmomentum

Inertia Noforceexisttocountereastwardvelocity as ittravelsNorthWhenitarrivesat200

duringitstravel itretainingitsequatorialvelocitymovedEastmore compared tothelandthere

adrift Weseethedrift as a deflectiontowardstheright Theonlywaytostopthis

effectis tostopEarthfromrotatingorconstantlyrotateClw cowshiftingquicklyperiodically

Trying toapplyaForceto thelefttostopthecurvingisfutile theCloudwouldstillcurve

Howeverwhenproperlycalculateddoingsowouldmakethecloudlandintherightspotalong
still
ancurvedpathThecurvingisduetotheimmutablecowrotationoftheEarth

A B
Nowconsideranobjectmovingfrom 200to00NorthwardsAt 200 ithasandretains a

lowerangularvelocitycompared totheequatorWhenthecloudarrives at00

theEquatorialinitiallocationofchoice B havinghigherangularvelocityhasalready
movedbygivingtheimpressionthatthecloudhascurvedleft
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ThecurvingoriginatesfromthecloudbeingnotconnectedtoEarthIdineonland Thuswhen
itmovesN orS it retains its initialangularvelocitywhichdoesnotchangeinrelationto

differentlatitudes why
Whenset inmotion freelymovingobjectsmoveinstraightpathswhileEarthcontinueto

rotateindependentlyTheseobjectsarenotcarriedwithEarthas itrotates

But ifwindscloudsplanesare notconnectedtoEarthwhydopossessthe

initialangularvelocityoftheirlatitudes Question

A B
Nowconsidermovingsouthwardsfrom200to00 At20Objecthaslowera v Whenitreaches

B the latteralreadymovedbygivingtheimpressionof a left deflection
A B

from00to zoo Objectisfasterthanat zooMovingsouth ithadhigheravthanB

whichmakes it abeadgivingimpressionof a rightdeflection

Whenviewedfrom an Inertial FORthepersonseethecloudsmoving
in a straightline independantofEarth'srotation Actuallythearc ofagreatcircle

Imaginarygreat e

circlerepresenting µ Heseesthecloudmovingalongthat

Atmosphere path disembodiedfromEarth20
Thatpathis astraightline7 Oo

or thearcofagreatcircle

F InertialFOR

OnEarthweareconnectedto

landandtheEarthis ourFOR

anon inertialObe It is in



1
thiswhichwepercierothecurving

objectsmoving
orcorioliseffectAs earenot

Easthaveincreased
disembodied disconnectedfrom

w inadditiontoEarth's
Earthbutrotatingobserving

rotation fcentrifugal
on it

alsoincreases reduction
Perceived

changeingravforceduetochangeininFgrav a Fcentifusm
Note E trio'sEffect MovingEastto

West Notshown f
CoriolisinEastw

Fo mu
p gprovidesFc

g m butgis a constant

tomaintaing

Atsmall r Vmostdecrease

At largeV r mustincreasetoo
EastWestCoriolis

gofast flyout goslow fallin

thanallowed

ObjectsmovingEastwillwantto flyout

WhiteWestwillwanttodivein

FNet Farav t Fcoriolis t
yout

K t Ignore
fornow

moveEast tEasterEarth

rotationmakesthisbigger

TokeepFmeiconstant

FgravwhichisreallyFaertripetal

MustdecreaseFc MUZ
T

V isconstantforagiverlatitude
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tomake fcentripetalsmaller

rmustincreaseakintoflying

out

ButWhyCurving In CoriolisEffect w
w

s rSinoAngular
veil

c n

ArigidbodyrotatesaboutanaxisthroughpointO r
o

withangularspeedwProvethatthelinearvelocity

ofpoint1 withp v r isgivenby WX r

g
def ofcrossproduct

I travelsin aradius rsine
Themagnitudeofthislinearvelocityis1Wxr l WrsinD

y
r w v

v w ar l r w x r rsino x w bothmutually 1 givesV

TransformationbetweenInertialandrotatingframes

Consideran arbitraryvector a intherotatingbody

I a it ayI tazii Posse

In Newtonianmechanics scalarquantitiesmustbeinvariantforanygivenchoiceofframe

dd f dda fp
where

today representsspeedandnot
velocity

T T
Inertial Rotational

Same for ay Az

Henceanytransformationof I betweenframesresultsfromchangingunitvectorsofthebasis

coordcharge Allmagnitudesremainthesame It isthecoordinateswhichare

shifting
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r wX r r DIatDroduct

data1 at a it an t at'tRule
daffitda.jtdgy.in

and and a ddh

da t law xitaywxjtazwx.ie
dtIR

dadik t w xD
Asshown

Nowconsider a p v onthesurfaceof abody awecanwrite

I daff diffrt
w r

Similarlyfor a VI

d I 1 twxjr d.rsrt2wtdrrtwxlwxr

Forces on bodyin arotatingFrame

Consider aforce e g Gravity actingon anobjectasposhr N2LStates
F Mdj Substhisintopreviouseq fordirt andrearranging

we get
Fmet Mdir

F 2mW x Vr Mw x Wx r

F 2mW XV r t mw r
w

f b
Coriolisforce Centrifugal Pointingawayfrom

2WXVr force Centreofrotation
Coriolisace



Rotatingsphere

Considera locationwitha latitude0 on aspherethatisrotating

aroundtheNorthSouthaxis Alocalcoordinatesystemissetup
withthe x axisdueEast they axishorizontallydueNorth

andtheZ axisverticallyupwardsTherotationvectorvelocity

ofmovementandCoriolisaccelerationexpressedinthislocalcoordSystem

e East InlNorthandupward U are

r w l
Ac 2 DX V

whenconsideringatmosphericoroceanicdynamicstheverticalvelocityissmallandtheverticalcomponent

oftheCoriolisacceleration issmallcomparedtotheaccelerationduetogravityForsuchcasesonly

thehorizontaleastandnorth componentsmatterTherestrictionabovethehorizontalplane

issettingVu 0
latitude

t
V Yuen Ac f ve

CoriolisParameter 2Wsin4

BysettingUn 0 it canbeseenimmediatelythat forpositive0andw amovement
dueEastresults in anaccelerationduesouthSimilarlysettingVe O it isseenthat

amovementdueNorthresultsin an accelerationdueEast In general observed

horizontally lookingalongthedirectionofmoremostcausingtheacceleration the
accelerationis turned90 totherightandofthesamesizeregardlessofhorizontal

orientation

As a differentCase ConsiderEquatorialmotionsetting0 0 Inthiscase r is

parallel tothenorthaxis and
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a 2 r x u aw fI
Accordingly an eastwardmotion thatis inthesamedirectionastherotationofthe

sphere provides anupwardaccelerationknownasthe Eotroseffectandupward

motionproducesaccelerationduewest

resultofCoriolis
CoriolisParameter Effect

T
f 21 SinU f IO4rads inmidlatitudes FrequencyofInertial

4 t latitude oscillationsonsurfaceofEarth

rotationrateofEarth

R 2,1 7 2921X105radS T 1 siderealday 23h56min4 I s

likeAbsolutemagnitude
butfortime

Explanation

Consider abodye.g fixedvolumeofatmospheremovingalonga giverlatitude4

atvelocityV inEarth'srotatingFOR In thelocalFORofthebody

theverticaldirection isparallel totheradialvectorpointingfromthecentreof
theEarth to thelocationofthebodyandthehorizontaldirectionisperpendicular

to this verticaldirectionand inthemeridionaldirectionTheCoriolisforce

proportional to r XV however is 4 to theplanecontainingboth
theEarth'sangularvelocity I where I II andthebody'sown
velocity in the rotatingFORU ThustheCoriolisforceisalwaysatanangle

4 with thelocalverticaldirectionThelocalhorizontaldirectionofthe
Coriolisforceis thus r s inUThisforceactstomovethebodyalong longitudes

or in themeridionaldirection



Equilibrium

Suppose a body ismovingwithvelocityV s t the zoneui

FoestripetalandFaridis dueto 2 on it are balanced
HowEating
longitudes bmeridionalfluid

patter

Wethenhave flowfalaglongitude

Yr 2 Crs in4 V
radiusofcurvatureofpathofobject definedbyV Replacing V

yfr
Weget f W 2h Sintf magnitudeofspin

orCoriolisfrequency rateofEarth

CoriolisParameterf is theangularvelocity frequency required to maintain abody
at a fixedcircleoflatitudeorzonalregion If f is largetheeffectofEarth's

rotation onthebodyis significantsince it willneed a largerangularvelocity

tostayin equilibriumwiththeCoriolisEffect Alternatively if f issmall
the effectof Earth'srotation is small sinceonly asmallfraction oftheCatripetal
force on thebody is cancelledbytheCoriolisforceThusthemagnitudeof f strongly
affectsthe relevantdynamicscontributingtothebody'smotionTheseconsiderations

are capturedbythe Rossbynumber

B rate ofchange off alongthemeridional
direction is significant in stability

calculations

Importantin y localdiedinofincreasingmeridian

Rossbywaves



Inertial Period Inertialcircles
Regardless of theirspeed freelymovingobjects atthesamelatitudeappearto

completeacircleandreturntotheiroriginallocation inthesameperiodof time

I called inertialperiod 12h atpoles increasing atlowerlatitudes

24h 300N or3005 Infinityneartheequator


