The magnetic pielcl of The Easth.
- The Earth has o masnel-,ic field which extends From its cors OUt Lo Spqm. The mo.gncl-,ic
field near the surfam can be viewed as a Very big bar magnet through Earth, bilbed 41°

w-r-t Earth's rotational axis. [ Dipelar ApProxima.];ionj.

Dgnmg Theory

Lt provicks o. model o bry and Explain the Origin of Earths magnebic Field.

The d\j namd HoenB describes a. process l:hrmgh which a. robaking, convecting
and eleckrically condvcking fluid mediovn con maintain a Magretic Field over astronomical

Lime Scales- [ Also For Tovian Plancks % Mercwy']

The Ovter Core of the Earth.

-Te mpe.mbu-c about 3000 - 4soo K in Ouber regions ond 4000 -3000 K Near inner -Core
Side. !"la.s field thee is 2-5 MQXSDSWHMQJ;%&)

- The outer core is NOL under endugh pressue to solidify; So eVen if iks composition is

mainly iron Xk nickel. like the inner-core,, it remains mosty i’nqyid.

Outer Core

‘A)hg does the Cors remain hot ?

’1.) Heat when P\wkl: FOrmed and o.cerebed (heat not yet iosb) Trner Core

'L) )Cri ctiond. heo.l:'nry covsed by denser core material Sinking towards Centre.
3) ‘Heal; Pmm dacnﬂ of radicactive Elements.

1) Ela.nemrorm};igg (and Hcal:)

Wm ng Energy bo Crtire disu (360) - Befoe the commtion of the Ha.ncbs, Ovur gdar

N

\ ceping ol the “rocus PchmL-VVyHob )

I\ \ cuctern v Live thak - o. hot aac clood orbikng



RAcerebion U1SK ~

NN (Big
: 3 Clowt) our planek .

~ In that disw,some of these hot particles decided to
molten
cdlide resulting in 0. big rock made up of o mass

D%% _Y0m3 Molten hot materials.

c Earthgtillin ¢ - Sinee the plaml:. is Volumetric, Some of the
accratindisi.  partides” inside” aro shielded from the heat of
As otber plancts form, the swn, Leavirg anly the Suface OF the newly

V accration disk dissociates formed planet b recieve bhe heat of the Sun.

and heal: is less evenly distributed
~ The Barth is no |on3er in H;ermodymmia eqyi\ibri um

\ — with the now 3one,a.caclz'|on disw . Tt thus now
Starts to cool down by radiation.(to emply Space)

Cocl down-Throtting. A Uneven Cooling. — Heat equation.

Nhen Earth was still in its young - molten state, ik Was Made up of "rocis made of diffemt elements
evenly distributed Ehroughout the sphee. As time passed khe heavier elements sank bo the cenbe
dve to dengiby differmces This compositional convection brings abad: Frickion which generates

additional, heat in the planet. ™ 2000K cenkei bution 10000 K contribution.

Also, the heat escapes From Lhe centre very slowly as the E:r&sis massive and the Flow of
the convectional cormits a.re slowed as they have Lo Lravel Ehrough o, Lnrﬂ»e amowt of
Mabter befors escapingto the suface . The primordial heat remains brapped in the iner laecrs.

Furthermore, the insides of kbe Earth has radicackive elements which releage heat erogy vpon

Aacuﬁ . ( Pobassi um, Uranivm, Thoriom decay) — Accourts For a smaller amowt.
L AlSo Asteroid

%m«) OF Cooline collision which generated



v

Estimated global temparature over the last 300 miltian years

Ehe moon [killed dinosavrs

provided additional heat
AQ = mcAT =5 JQ=medT to Eoth. (Frictio)
Lo
mc dT =kA kT—TR) Whee m: M g V Live in Ex r‘;;mmhm
dt execiset.”
C : Speciic heok capacity Toth (inelestic)

A :SAg
k = heat l:mnspcr cockFficient .
rusk geb { Present Geothermal bem peralue of Earth =1€8°C

better data l At Stet molben Eoth s about 14%2°C.

for all 'Laﬁus in each period X A\leﬂge Ehem.
L;, W RT TE CONCLUSTON.

Back to Magneism.
We know that chomagncbic Makerials in the core carnot accout for the geomagnetic Field
as Core bemperakue is Well above the Cure point of Tron (530°¢). Rocks & minerals
re buin magnetism below the Curie point.

The dymmo _rhe.onj provides a mechanism for the gencration & Maintainance of a gromagnetic
Freld.

O An electrically conductive fluid mediom.

® Kinetic Energy provided by planctary motien

® An internal souee of energy to drive convective motions within the fluid

@ A seed magretic Field.



SUN

Gererates its own magnetic field QuterCore
(Gcts as seed magoetic Field for Earth) EARTH. Containing molten iron
(Kept molben by high bemperatue
Mechenism insidz). — See maintainance
of gesthermal, heat.
Outer Core |—> Tnner coc deeper

=) More pssue k
Moc *inside’
Tnner Core ( Provides heat for comiecsion = less heat escape
of Liquidiron in ouker core) » hotter.
Due ko Coriolis EFfect (Rotation of the Earth )

the Flow of liqpid metal is organised into rolls (Taylor Colurng)
Coriolts Effect - A Fictios force that acts en objects which are in mekion in a. rotating FOR w-r-t
an inertial FOR.
Newton's Laws describe objects in an inertial (non - acderating) FOR. When Newkon’s laws
are tronsformed in a robating FOR , Coriolis & Centrifugal acdleration appear-
Note : A FOR consists of an abetract coordinobe System and the set of physical. points that unigyely

fi R (Lecobe Aoﬂm\:) the coordinate gyshern and Standordise Measucment within that Frame.



To an observer in an inertial FOR (The Ybad)
Exo.mgln .

the car will seem ko acclerate. (Hesees the cor

mMoving). Tn order for the passenger to remain
ﬂ,) in the car, o forze Must be exerted on the
@ passenger. (A Fon:e that maes the pamndu'

move with the cor). The Seat forming part
£ T Rood of the cor is also ocderating and is thus

exerting the Fore that moves the passenger
Eogether with the Cor. Remember, Lhe

passenger is not Moving himself (ith the cor,

Person on road

it is e Labber which is moving bhe passenger.

—this cavses the passenger to acclerate in the
FOR of the road-

From the P-0-V of Lbe interior of the Car, an acclerating

FOR thers is a fictiovs forze pushing the passenger backweds.
(This forze. balances him with the car making him feel

be is Skationary  (const-Velociby) despite being in
an ace .-FoK)This force poshes the passengor back in the
J/ Seak unti) the Seal: compresses and provides an eqyal

and opposite fore . The passenger is Stationory in this

Frome becavse the Fictiovs k real. forves balove .
He also Kknows that he can't move ovt of
The passenger ig ackvally Moving

the car alhough he Lo is acclemting There
Forwed with the cor. AlU)ough he

must therefore be o Foree ko bloc his
1S in « Stake of accleration he does not

acderabion,but net that of the cor. This
Fael [gee a. forword Foree as he ie moving

force Should be provided by the car to “kill"
Eogether with the Cor.

the fecling of going Forwerd (which is not
by peop\g'ih("‘
experience d as geing same rate as c«) 4

to goin accord with natve's Laws (Neuwston)

This badtwed foree (expeioned) is the fictious

Force \

Ciredor Mobion .

> Fi chkious Forccs Malte the contents of @ non - inertial FOR
S\:al:ionofy so that Newton's .Lc.ws con shl) a.pp\J
Iﬁ?"operlzg of Nokve : Everyone should be able to
\/ eApeneree Newton's laws . ( Even if Uzg wre r‘ol:al:in,/o.cc)
Everyone hes bis oun l_) Skationoy outside obsevers need not this effect

For. ko apply Newton's Losa.




\L * From the Viewpoint of an inertial For (w-r-t the read ) [Stationary] a cor ok a

roundabout s aecleraking bowods the cente of a_ cirde ( Centriperal Pora provided
by friction betuween wheels &road). The cor ic acclerating due to unbalore d
foree. Nothing to counter Priction between whees ¢ road] .

* From the viewpoink of a. rotating Frame moving with the cor,the Fictious
CenbriFUc)aJL For:;; ‘;;soh the Cor outside of road & occuports outside of cor-
“The cenb’i{-‘ugo.l. Fore balanses the Friction making the cor Stationary in
the non - inertial FOR.

FIcTIous Forces ARE PART OF NON-TINERT AL
FOR,TO MAKE NEWTON's LAWS APPLY TN THESE Too.

VSUVALLY, THEY WorK ONLY IN INERTIAL FOR  BUT FIcTIvs

FoRrces MAKE NLs WORK FOR EVERYONE !

NLs woru only in Inetial FORs . WHY 72
Corislis Foree. > Deflected ko rignt w-r-t direction of bravel
in Northen hemispeic and to Left in souben
Coriolis Bffect in Meteoralogy hetmisphere.

Vz=wr =) V¥Tr 1A
7
=) Objects ak equatw rotabe faster (Cover greater distance in Same Lime)

Famv =mvVwR =mvw =) Fever
r X

* Suppose @ doud is moving bowands N- pole. Remember that dve bo

Eorth, it is also moving towords the EAST.

Somee a clond ic NOw Movine Souh. TE ic St moving EAST due ko



J/ ot T < e ]

EARTH. The South - drauin_g foees become Stronger also causing
vail:o.l;ional. Force o. Curve.

Pf‘o\h’&g Centripetal
acclerabion.

= te = mg

Remember Reactian is dircbed
oppesite ko Weight

=2 ¥Fe =m g -Fr

At poke Fc =0

= Fr = Mg (real Weight)
At equator, object performs
Circular motion.

fe ax equator =MW ¢

'Fc. = m3 -fr
Fe o
Fr = Mg - Fe Fr isthe foree provided by Earth to prevent us from
Non -2ero ccﬂ\\l\s towards its cenvel

=) b\\eighlz Equator < \Aeishb?oﬁz. The et qroi toki anol. foree Which results provides
the centripetal Fore! TF earth rotate fast
enough, st Fe > Mg ,Fr becomes -ve
Maling everything bury in the grownd.



Coriolis EFfect

%)\\ ~a % 3
I
SUPPan G Man is standing on Ehegromd and Lecking ot the Fotating table.

He Will gee o body r‘ol:nl:'mj arowd the nail With a. Tensien = T¢ = m\f‘

r
For the man Standing on top of the table, the bodj will oppear ok rest because the

body’s position is not changing w-rt theman. Thus from te p-o-v of the man, theo shoud
be ne Force acking on the body. But he knows o. Foree (centripetal) is acting inwed on
Ehe body ond thot an ovtward fore of same Magnitode Must be present Lo
Keep the body ab rest. [ The outside man knows this is fake as he sees the body
Trotating. But For the man on the table, he connot reasen that thoe is o Ceripetal
force which he Mnows plus toe body being at rest. He Hhus condodes that Bree myst
be o redially outward Porae to heep the bedy at vest 1]
But what provides the centrifugal fore and why is it felt if it is fictitiows !
|_) This “ Foxe foree” is felb dve to a change in momentum (Our Inerbia>
Suppese We are in o Car going in . Straight Line ond then it Suddenly bums
(IGHT.Why do we veer Left inead of right - dicction of the Centipetal forze?

N Car 30'1\03 in A\ Co.r suddmly qoss r‘ight
‘)‘ Stmight .Lh)(, /
‘ TN
. —: Feel asif went lePL’
dq 2 |2 o
Nﬁ are —1 \‘
@) P 0

Inerbo Kups us Soing Strai ghl:. Since

Joing in Serafgn:
N

Line ool \ the whole car itedb is qoing Naht Whie



W T

We d6 Not notice that e are going We ars Not We See as if We are

Forward as we ars not cha.rgmj posn 30""3 Jeft . - Reqll_q iNertia. couse
W-r-t Car. Tn this FOR we think we Us bo 10:1& behind the chmginﬂ Motion
are in equi Libitum with Car. of the. car.

> We inside our Cor think that everything
is narmal ((We cannot know that the Car is
in fact acclerating - chb-%pcbal)

To explain the phenomeno. we Felt, (Veeering
Left, We callit the fictitiovs Fore

8070\ %ln,,g e fovees l
GA ots s aceleativyg This foree infact does not exisk'.—l't‘)e,rcal,
" veledvely” reason Wos the Centripetal fore acking
Mass OLelerating in < on the whole FOR .Sine We connot

Fixed coordinte System = Real force. ¥now bthat ow whoe FOR wos beihj

Bcth going Forvoerd no core acked vpon , We call U»e Lecl: - Vcelf'mj
/'I only Lakvad is acclorc.Hny

P’lass “Fixe & in acderating coords . Syctem effect of chtripchal the Fcentrip\:gal..

= Fictous foree. The laber is only a. combination of our
Since as car inertia. and o. Changing TOR . Since

rotates fovrwerd the mass i¢ Fikd and Coordinate

divectia also Ghbwu System IS cbansing, o Forc& also

slightly, e exPefnced ocuxs.

a " CW'\A:J“ FO’«»

- Cor suddenly goss right

Actvelly /\

. p)
Lot thict l- ‘:",' Feel asil went Lefb!



\

Cl’)Cmae in dieckn Cavee \/ fortued FO decease also
s) \'9h+\y

( .l-:‘%
\ Hit left woindow dhccl-(\j'm +1«ar,/.,

Go alitle porward & hiv Left aclvally.

—

N

This oceurs becawse as Bae Car bume his forwed
Veloon'ly is how g\iyh-ﬂy Lower - A ”{:ovwrfﬁ decelomtim
The Borson does not know that Hre G/ his FOR
hes descelirabed and His feel o Little Forwod acclentio
(by QyY“Ma-l-Vy) . This gives e forwod cved poth .

\

\)01’30.1- Would \:1')& person ouvtside See 1 Ac Ye cor bns

Dfmfvs of What is actually heyppenin. Fight He pesen is
\ Skill going forwerd

oviins W) Sce TL prsow ncide "isgiag” hibhing (~iving He impesder

e Loindow ot cagh Frie Mieved ! Hat he Wert Jedt.



The outside Person Sees the inside one always goiny

Dicection of Cor ak a. bangert.

f Person is contuth
0 Utside View A \?‘ hv”iv\g He Jdeft

Window - =

@ @ Tnside yiew

. The ingide observer 13 congantly

hittng the Left pooll dve Eo tys C&nbr‘ipugal, Corce..

A\

The 0bserver outside Will never sec the person hitting the woll but as if "al\mgs Miss it

Maxing him Oppear “one’ wIth the car. He sees Bt az the persan i3 aboot bo hit be wall,
the Car olready moved ko prewent hitking b wall. Since the. obher person is moving with the
appecto

Car, boe effect of his inertio. cause him to Veer Left while infact it is the cor which is Moving

right While his inertia Makes him Maintain pvcvio\)s mwdn/s\:aﬂ NAIE

The ob\"ec,b <
will hit the
Ld-b well Fvom

U/le inside view

/1 This is what is seen from the
OUtside ! A k)helc blct ( JPson +qu]
WIovﬁy,







E arth =

20 Rokobes vletrrsly Sower (275)
t

D:—/—->Eork)-nrolﬂ-es&aﬂ (QKG‘)
' 0° Rotates relovely fostr "——

For FOR Earth :%
As the P\ane Plies N/l:he Earth
is also robaking but we do Not Know

so.We are on Earth.

A porson Far n Spoce see He plare Going NE in o straight Live o5
Ehe. votabion of Bhe earth millifies B appear orce. of e pockige, Cumiy,
L5 As the pochage s abouk to curz, Earth aom\:«a';”:ii;ii'a;""é’mh vp with
it Maring it secem that it trovels in Stvaige Lice N .
Y Begt frovel ocovs de +o
Eartly veration.

>}é OV\ E&/Hl) , We Notice He convapve ohigh 15 imfect owr Planct rotuting

and vs net Seeing it wohich maues it agpear as b ve ac F0im East.
4 ror.
LM this 1 This Gccus ag as we 90
0 to highe Lot Nand brasels
S\ ouwsesr” = F/om recse ot equate

\ lm@ ot ’506 hes net Yyt racdle d

Serve. Jistece -



Y We sbill have out thrusters bl 6Stng !\\Grth J

RBUt remember We Qs mov'mg Eﬁ)aaefcb@f Wit JG\/Ja Earth
\—> When Viewed From @W We e Moving NE

N =wr

N Land on 20 Can Move Slower th
20" Sloer veloily e-9. 500 kin/h v
6t O Since it has o smaller arc

Lo , "
0° Fagter velocity e.q- 1000 km/h  Eo cover Lo remain in Live [over

A.

Eastwards.
Suppose o cloud is present at A (0°). Ttis bravelling with an angular velacity of loos km/h’; Suppose a
gust of wind pushes it Northwards. Tt retains its angular velocity of 1000 k/h dve bo angular Momentom
(Inertie - No Force exist to counter castward velocity) as it travels North. When it arrives at 20°
during its browel it retaiming its equatorial, Veloclby Moved East “more” compared bo the land thec .
La drift) . We See the drift as a defleckion towards the right . [The only way bo skop Hhic
effect is toekop Earth from rokaring or constantly rotass ¢/w — celw shifting quicly periodically |
Trying vo apply o Foree o the left o shop the cuning is futile.- the Cloud would still cunve -
However , when propery calevlated , doing so would make the cloud land in the rignt spot alory

Skill
o curved poth . The Curving is due Eo the immotable ce/w rotation of toe Earth.

Now consider an ohject moving Brom —6;_0" l;o%)" Northwards. AL —20° it has and retaing o
Lower angular velocity com pared o the eguaror- When the dloud arrives ax 0°
the Equatovial initial location of choice (8) having higher anguiar velocity has aleady
moved bu aivine Lhe immeccion Hhak the clood has cored Jeft |



The Curving originakes from the Clovd being net connecked to garth (Live on dand) . Thug when
it Moves N orS it rebains ks initial angular velocity which does not change in relagion bo
differmt Labibodes — Wiy 27

L When set in motion,, freely moving abjects meve in Straight paths while Barth continve to
rotake independently. These objecks are not carvied with Earth as it rotates.

L, gut it w’\ﬂdS/cloudS/plane,s are Not connected bo Earth, Why do possess the
iniYal, ongular velocity of their dotitudes ? é——- Quest:}o\n |
A B

Noto consider moving Seuth wards from 20 bo 0°. At 20, Object has Lower av. When it reaches
B ,the latber aleady Moved by giviqg\:‘ne impession of o Left- deflection.

From g° to —go" > Object ig Pasber than at -25° - Moving South, it had highe g than B

which TNakes it ahead giving impession of a rign deflection.

When viewed from an Trertial FOR, the person See the clowds Maving
N o Sbraigat ling independant of Earth's rotation! = Actually bhe asc of a. grst cice

Ivnagfnay 9wk —
cirele mprsating He sees the cloud maving along that

Abmasphoc. . path” disembodicd” £rom Easth.
20

|_> That path is a straight Line -
or the arc of a geat circle
T Thertial FOR.
On Earth, We are connected to
Land and tle Earth is our FOR

(o Non - inertial Ove) - Tkis in



7/

this Which We perciers the. cuning
Objects moving
or coriolis effect! As we ars not
East have increeged )

disembodied” [diccotnected fram
W n addition bo Eath’s

Earth buk robating /o bsening
fotabion =) chtﬁFV_,ak .
on it.
also increcses. =) reduclin
Perceived
in Fgra\/ ,L (2, Change in JVou foree dtéec;:crv?;m

Note : Eobvds EFfect - Moving East to
West . (Not Shown_) ! Coriolis in Eagt-wew

'Fc: m'\lz -9 proviJPA Fe

r
=) 3 :mV1 but Sis a. constant

=) ko maintain g
At small r— V me)st deccese
At iuae,v = r MULSt Increase ‘oo
Cast/ west covielis
=40 Fast: = F\g ovt /90 Slow = fall in
(Ehan "allowe d )
C)b'jedcs moving East Wil want to (')5 ovt’
While West will want Lo dive n.

FNET = FGY'&\I + 'Fconoh: "'."'_ f\l)ml
b \f

K T_jhoe
fov no\?
Move East + Easten Eorth
Yotabon Mmaue $his bijgf.
To Keep Fner constont
Fgm\' Whichis Yca”y Fca\tﬁpcM
Must de crease Fe = _m_Vl

v
V is constant For o @iver | atitude



J

=) to mane Feaviperal smalle,

Y MUSt increase aun ko F]_‘j'”"j

out!

Rur Why Curing (T Coviolis Shtect)?’
Q) Ar)gulwr Velodby (in 3D)

r=wxr

A rigid body rotates about an axis through point 0

With angular Speed W Prove thak the Linear Velocity

of point P with p-v I is gives by V= (oxr
defn o€ cross product.

P travels in o radivs rginb . Y.
The magnitude of this Linear velocity is | (wxr)] = wrsind v v,w,V
HV=WXr [ r=wxr L, rsind X (0 (both mutua”y..la_}gims\/

@ “Transformation betiseen Tnertial and otating mees.
Considar an arbitrary veckor & in the rokating body.
A =a,i +ay)+ax  (Posn)

Tn Newtonian mechanics, Scalar quankities Mugk be invariant forany qiven Choiez of Frame.

=) d (1914 = Aax Whee da.z mp»csmt.s Spced and not Velocity.
dt I dt Ir de
0 T
Tnehal R otational .

Same for &y 202,

Hmc& any l:mnsFOvrma.t:'lon OF a ]ee;kwecn Cfo.me/g results me Cng’mj Unitvectors of He begis.
KCoord. d\mao) - A\\ fYNagnUcwleA remain He Some, — Lt is He coodinates which e
AnifLing.



r=wxr ¢=4dr
d

r

(ProQ/uc} _,,Cli B :A(01T+0~«,3+ Cii-f't>

Roule ! dv |l dt
—(dox - +k0ua|| +6ydd L Jh)
el +‘j‘:"J‘fdd“t"h rIIRRAETY
= Ajl_\ + (6w x7 +a,Wx) +agwxﬁ)
dt 'R
= de| 4 wxa
dt
As shown
NowW consider a PV on e swhoce of a body =)Auoe can Write
\/-_r_ = dr‘i — A_Y‘_\ + wWwxr
dt Iz 4t
Sihfﬁ]ar]g FOV‘ & =Nz
2
&' r | = A_\ rwx | = 4| paw+dre] ywxlwar)
det | T dt IR I Ir dt IR

teorces on body m o rotating Frame .
Consi&f a foree (9. vai},) pcting on an object as posn ¥ - NZL States

F = m A2Y‘ - Cubs this int previovs eq,n For &\ Cindrcm«mﬁ'wj
e 8’(":: dl:" ¢ |1
FN&T =m dlY‘
Jt*

=+ - 2mW xVe - mw x (W xr)

- F - omW xNe +mwr
TN AN
/ \
COA«/E‘,/?} 7130»'&2 Ce/ﬂ:\n(‘)\lyav(, (/90))77’-;7 auyﬂm

—2W XV FO"C& Certve of vhation,

N Coviolis ace.



KOl:aEmg Spherc.

Consider a Location with o latitde B on sphere thatis rotating

oround the North -South axis . A Aocal, coordinate Syste is setop

with the x - oxis dve Bast | the y-axis horizontally due North
and the 2-axis vertically upwards . The robation Vector, velocity
of Movement and Coriolis accleration expessed inthis Local, coord. Systemn

&) Easy , M North ang upuoord (.U) 0T
0 Ve
\gl = W Cos l_e ) '\) = \Vn >
sin Vo

A = - 9 S) XY
When czonsidan'vxﬂ atmospheric or Oceanic dynamics the vertical velociby is small and the vertical comfonek
of the Coriolis acclerabion is Smal) comparcc\ Lo the acclerabion dve to gravity. Yor such cases, only

Yoe hovizontol (east and north) compenents Matter. The restriction above the hori2onkol, plane

v Lo titude
Vo= Vcn>)ac:(vn>\e I,
‘Ve \|
L Coriolic rPammebw = LwSinY

Bysctting Un =D, it can be seen immediotely thot (for positive ¢f and ) 4. moverent

1S 56'\:1-{\09 Vv =0

due East resuhts in an acclemtion dve South. Simi\arlg ettirg Ve =0, it is Seen that
0. M avement dve Novth results in an accleration dve East. Tn gereral , Obscrved
\/\ov‘;wnm\\j ; »(,00'4.3‘03 alovxg the dicion of Mmovement coosing the acderntion , the
acclevatian is burned 90° to the vight and of Be came size regardles of hori2ontal
Qvientation-

As « differo Coce , Consider Equaborial MOton Setting P=0.TInthis caee, SL is
parcdled bo the novth oxis , Gnd :



\ -Vu
SL :w(?) )V:K\): LA = ~25LxV =2W|
© Vu Ve

Pceordingly ,on Castiood motion (Habis, in the same dicetion os the votation of the

gphere) Provides an vpward acclevation known as the Eotvos effect; and upward
Motion produces acderation dve Weat .

result o b Coig)is

COYI'O.US rPara.mebcr E'FF:H./'
_ /
Jc =20 Sinl ‘F: |10 4mds“ in midlakita — chq,lmrg of T tial
/\\ Q Jza'l'it\)da, oScillationg on Suwfacz oF Garth.

rotabiar rate of Enuth
L= 2F =2 292 X10 rads” T=A gidresd day (23h Sem'mdr'\s)

N R X\ue Abss lol:emognihnlz

bt For Bime.

Explonation.
Consiclw a body(e-g- Fixed volume of a’cmosphm) mov'mg almg & give Lainde U
ok Veleelty V in Barth's rovating FOR. T the Local FOR of He body
Lhe Vertigel dicetion ig paroliel to the vodial vector peinting from Hre Ceme of
e Eath to He location of e body end e Norizontal, divection is pe-pudicior
Lo +his Vesical dication and in the meridional divection. The covolis fovee
(proportiondl to (2 x V), however s 4 bo the plane contairing both
e BartVs angular velosty S0 (Whave L=\ ) and e body's own
Velocity in the rotaking FOR V. Thus, the coriolts forze is alwms of on angle
@ With the local wtical direckion. The lpoaL hovi zontal, divection of the
Coriolis fore 38 thys 2 Sin (), This force acts 1 move e body along longi budes

ar ‘v the meﬁdiova cl&vcc’rion.



Eq/oﬂ:br?um .

Suppo&c (8 \ooolg s Moving with velocity V S-t the

Fooers peret, and Feoiclis (dve t052) on it are bulareed. -

(e +they have Flow (dry L)

Vz/r = 2(2Sinl)V

N vadivs of Cavetue of path of object Udefined byV) , Replacng V=00r
we get £z =208in( Majjw&, o spim
(0 Coviedls fzg ieny] rate of Garth

DCoviolss Paamerer f is the anguler w|ocsf,/4'¢zm7 requived £0 Maintain G body

ot a Fixed Circle of Latitude or 2onek veghun. T i ﬂarae JHe effect of Eatis
taki g e baij is Significant Since it wil) reed a Qoraef ongular veld city

o stuy i egpilibivm (ith the Conolis Sffect. Altenagiay, if F 35 Smal),

'ﬂ«c etlect of Eonrth's rotation s SMed] Sivee owly a Small Foction of He Cetvipetal
force. ontie bc)Aj ic Cancelled la7-+1«a Conolis fovee . Thue Hhe Maginibe of 1£ Stogly
affects e vievork Aynmios Contvibutiny to Hle loorLjs Motior. These Osnsider obion
arc Coprued by He Rossby numbe-

> p= DF e of change of f alongHe Meridional,

k¥ dicetion is Signtice} N S‘\‘A,loﬂﬂy
L cal cujations.
Timportet in y - docel diectinr of inorcesing Meridian.

Ras‘sb7 Weves.
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€C.12 The Coriotis Effect a8
ESSENTIAL TO KNOW

+ When set in mathn, freely mowng cbjects, ncluding aF and water masses, move In straight pams while the Earth continues to ratate independenty

+ Becauss buely maving obiects arw not carried with the Earth as it rotates, thay are subject 1o an apparent daliection cakied B “Corklis ffect " To an obsarver otaling with the Eart, freely moving objects that trsvel in 3 straight Ie
appear 10 travel i @ curved path oo the Earh,

+ The Coriclis effect causes an apparent defection of fresy moving abjects I the right in the Norherm Memsphere and to the left in the Scutheen Mermisphere. The defection i said to be cum sole, o “with the sun*

« The Corioks duflection i greatest o the pokes and decreanes a lowsr (aliudes, Thars & no Carioks affect for cbiects Sl move deectly east 1o wesl or wesl 10 wast 8t the scqustar,

+ Regardiass of their speed, fraely mawing chiocts at the sama laitude apPear to compilate 3 circie and ream to thair arignal location i the same pariod of tima. Trs panicd. called e “Inartal pancd.” & 12 h at $he poles and increases
progressively at lower sttudes. The inertinl pariod s 24 h at 0°N o 30°S, and it approaches Infinty near the squator

+ For objects moving within 5° 00 eiihar skt of the eauakw, 1he Corclis efiect e can b Gromd bacauss the deRaction & sal and he inerlal period & vary king

« Froaly maving chjects moving al the same speed appaar to folkrw crowar patha with smater ral at highor lathudes.

+ Fraety moving objects at the same ksstude appsar to follow paths with lnrger radi f they are moving af higher speeds.

+ The magnituda of the Carioks daflection (116 rass of 56 of from & seraighti with incrasng spesd

—
Inertial circles [ edit] NN

An air or water mass moving with speed v subject only to the Coriolis force travels in a circular trajectory called an Schematic representation of inertial .
inertial circle’. Since the force is directed at right angles to the motion of the particle, it moves with a constant speed circles of air masses in the absence of
around a circle whose radius R is given by: other forces, calculated for a wind speed
v of approximately 50 to 70 m/s (110 to
= 7 160 mph).

where f is the Coriolis parameter 22 sin ¢, introduced above (where ¢ is the latitude). The time taken for the mass
to complete a full circle is therefore 27/ f. The Coriolis parameter typically has a mid-latitude value of about 104
s™'; hence for a typical atmospheric speed of 10 m/s (22 mph) the radius is 100 km (62 mi), with a period of about
17 hours. For an ocean current with a typical speed of 10 cm/s (0.22 mph), the radius of an inertial circle is 1 km
(0.6 mi). These inertial circles are clockwise in the Northern Hemisphere (where trajectories are bent to the right)
and anticlockwise in the Southern Hemisphere.

If the rotating system is a parabolic turntable, then f is constant and the trajectories are exact circles. On a rotating
planet, f varies with latitude and the paths of particles do not form exact circles. Since the parameter f varies as
the sine of the latitude, the radius of the oscillations associated with a given speed are smallest at the poles (latitude
= +90°), and increase toward the equator.1?]

Other terrestrial effects | edit |

The Coriolis effect strongly affects the large-scale oceanic and atmospheric circulation, leading to the formation of
robust features like jet streams and western boundary currents. Such features are in geostrophic balance, meaning
that the Coriolis and pressure gradient forces balance each other. Coriolis acceleration is also responsible for the
propagation of many types of waves in the ocean and atmosphere, including Rossby waves and Kelvin waves. Itis Cloud formations in a famous image &
also instrumental in the so-called Ekman dynamics in the ocean, and in the establishment of the large-scale ocean of Earth from Apollo 17, makes similar
flow pattern called the Sverdrup balance. circulation directly visible




