Lecture 13

1. Magnetic field of Earth

The Earth has a substanti
magnetic field, a fact of somg
historical importance because (
the role of the magnetic compay
in exploration of the planet. Thg
field lines defining the structurd
of the magnetic field are simila
to those of a simple bar magnds
as illustrated in the following
figure. A fundamental propert
of magnetic fields is that the
exert forces on moving electric
charges. Thus, a magnetic fiela
can trap charged particles such as electrons astdns as they are forced to execute a
spiraling motion back and forth along the fieldelin

It once was thought that the Earth was surroundeddar-empty space, in which the
Earth's magnetic field would trace a pattern resmmglthat of a bar magnet (orange
lines). However, the first American spacecraft, IBrgr 1 (shown here), discovered a belt
of energetic particles trapped in the field anéatning back and forth above the Earth. It
was the first of two such zones, the Van Allen ©eib be found. The charged particles
trapped in the Earth's magnetic field are respdmsibr the aurora (Northern and
Southern Lights).

Magnetic fields are produced b
the motion of electrical charges
For example, the magnetic fiel
of a bar magnet results from t
motion of negatively chargeq
electrons in the magnet. Th
origin of the Earth's magneti
field IS not completely
understood, but is thought to b
associated with electrica
currents produced by th
coupling of convective effects
and rotation in the spinning
liquid metallic outer core of iro
and nickel. This mechanism i
termed thelynamo effect




Rocks that are formed from the molten state contadicators of the magnetic field at

the time of their solidification. The study of sutimagnetic fossils" indicates that the
Earth's magnetic field reverses itself every nmlligears or so (the north and south
magnetic poles switch). This is but one detail lnd magnetic field that is not well

understood.

The solar wind mentioned above is a stream of emhgases that blows outward from the
Sun at about 400 km/second and that varies in sitienvith the amount of surface
activity on the Sun. The Earth's magnetic fielde&ts it from much of the solar wind.
When the solar wind encounters Earth's magnetid fies deflected like water around
the bow of a ship, as illustrated in the adjacerage.

The imaginary surface at which the solar wind iistfdeflected is called theow shock
The corresponding region of space sitting behiral ibw shock and surrounding the
Earth is termed thenagnetosphereit represents a region of space dominated by the
Earth's magnetic field in the sense that it largeigvents the solar wind from entering.
However, some high energy charged particles from sblar wind leak into the
magnetosphere and are the source of the chargegdegsatrapped in the Van Allen belts.




2. Motion of Earth

Coriolis effect is an inertial force

described by the 19th-century
French engineer-mathematician
Gustave-Gaspard Coriolis in
1835. Coriolis showed that, if the
ordinary Newtonian laws of

motion of bodies are to be used
in a rotating frame of reference,
an inertial force--acting to the

right of the direction of body

motion for counterclockwise

rotation of the reference frame or
to the left for clockwise rotation-

-must be included in the

eguations of motion.

The effect of the Coriolis force is

an apparent deflection of the path
of an object that moves within a
rotating coordinate system. The
object does not actually deviate
from its path, but it appears to do
so because of the motion of the
coordinate system.

On the scale of hurricanes and
large mid-latitude storms, the
Coriolis force causes the air to
rotate around a low pressure center ing;
cyclonic direction. Indeed, the term cyclon i
not only means that the fluid (air or watefs
rotates in the same direction as ti
underlying Earth, but also that the rotatiges
of the fluid is due to the rotation of thi&H
Earth. Thus, the air flowing around i
hurricane spins counter-clockwise in IS
northern hemisphere, and clockwise in t@
southern hemisphere (as does the Eaj
itself). In both hemispheres, this rotation
deemed cyclonic. If the Earth did not rotat

low pressure center, but on a spinning Ear=e :
the Coriolis force causes that air to



deviated with the result that it travels around tHew pressure center.
In the accompanying picture of the Caribbean, ome see the cyclonically spiraling
clouds of Hurricane Andrew (at the mouth of the $8sippi) and of another vortex in
the Atlantic.

Compared to the rotations that one usually seess(tom a travelling automobile, a
compact disc playing music, or a draining sinkg thtation of the Earth is very small:
only one rotation per day. The water in a sink riglake a rotation in a few seconds and
so have a rotation rate ten thousand times hidtear that of the Earth. It should not be
surprising, therefore, to learn that the Coriobisceé is orders of magnitude smaller than
any of the forces involved in these everyday spigrthings. The Coriolis force is so
small, that it plays no role in determining theediion of rotation of a draining sink
anymore than it does the direction of a spinning. Gbe direction of rotation of a
draining sink is determined by the way it was @lleor by vortices introduced while
washing. The magnitude of these rotations may bellsmut they are nevertheless
gargantuan by comparison to the rotation of theéhE&rdecided to include a picture of a
draining sink, and the first one | tried in my heusas found to drain clockwise (the
opposite of what the silly assertions would havdathere in the northern hemisphere).
This direction was determined entirely by the wag tap filled the sink. The direction of
rotation of a draining toilet is determined by tway the water just under the rim is
squirted into the bowl when it is flushed.

Incompetence from PBS (USA)

Fakery of the first watefso to speak).

There are charlatans operating at a tourist traNanyuki, Kenya. In this little town,
located right on the equator, a local mountebaniksvéor tips as he glibly cons busloads
of tourists into believing that the rotation of th@rth causes water draining from a
container to spin clockwise in the northern hemephand counter-clockwise in the
southern hemisphere. (Yes, you read that corretidycharlatan fakes it backwards. You
would think that if he were going to sucker people would at least get his directions the
same as what really happens in large weather sggtem

This man’s nonsense was captured (and endorsed)dha® Palin in one episode of his
BBC TV specialFrom Pole to Polewhich is often aired on PBS. The presentation went
as follows:

Faker: This is the northern hemisphere (gesturing toéfi3,land this is the southern
hemisphere (gesturing to his right). If you draisirgk when you're on the
northern side of the equator, and you watch themas it drains, you will see that
the water always rotates clockwise [sic]. (Shoa glan with water draining
clockwise. Floating match sticks are used to makenmotion easier to see.) This
phenomenon is caused by the rotation of the E&hé.effect becomes stronger
according to how far you move to the north or t® $bbuth and becomes weaker



according to how close you go towards the line figeator]. So that's why we
have to give some distance from the equator satleatotation can be noticeable.

Palin: This is known as the Coriolis effect and Peter Malyehas given this same lecture
every day for the last six years. It's deliveredha burnt out shell of an old hotel.
The equator used to run through the middle of tre Ibet they were always
floating match sticks in the middle of the beehéTaker has been carrying his
pan and water about ten meters to the south afgbemarking the equator, and
turns to face the audience.)

faker: So, this changes to counter-clockwise [sic] indicathat now we are on [sic] the
southern hemisphere. (Shot of the water in thedpaiming counter-clockwise.)
(Transition to a scene where the faker is pladmegwater-filled pan directly on
the equatorial marker.) So, now we are right onetipgator, and as we drain the
water, you'll see there will be no rotation. Itjusains straight down. And that’s
how we prove that we are right on the equator. @Vdtaining with no apparent
rotation.)

Palin: It does work.

Sure it does --- in the hands of a mountebank, ighat



