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MAGNETICSFIELDS

When asked about magnetic fields most of you
would think about bar magnets or a compass
Jj needle.

Magnetic fields play an important part in our
every day lives. Without them we would not
have aternating currents to power household
items nor would we be able to navigate. Lets
find out more about magnetic fields, how we
encounter them, and the uses of them in every
day life.

What is a magnetic field and where do
magnetic fields come from ?

' ; Magnetic fields are caused by the naturd
movement of electrons. The simplest way to encounter a magnetic field is to take a bar
magnetic. In a bar magnetic the electrons in the atoms of the magnetic align in a certain way
to produce a magnetic field. Objects are said to be magnetic and have magnetic fields, if they
are able to attract and repel each other, when they are both in electrical charge balance. When
in charge balance there is no Coulomb attraction between the two objects. In the same way
that electric charges have electric field lines an object which is magnetic has magnetic field
lines. The magnetic field lines give the direction in which the magnetic force acts and below
are the magnetic field lines of abar magnetic.

Thefield lines for a bar magnet come out of the North pole and enter into the South pole.
Unlike electric field lines magnetic field lines do not begin or end. The either form closed
loops or extend out to infinity.

No, since magnetic field lines are continuous both inside and outside the
magnetic you get two north and two south poles.



When two magnets are brought together unlike poles attract and like poles repel.

Aswell as having bar magnetics, magnetic fields can also be produced by a flow of
electrons such asan eectrical current.
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MAGNETICOSPHERE - EARTH'SMAGNETIC FIELD

All magnetic objects produce invisible lines of force that extend between the poles of the
object. An easy way to visualize this is to spread iron filings on a sheet of paper and place a
bar magnet under the paper. The iron filings will arrange themselves around the magnet and
along the magnetic field lines.

In the simplest terms, Earth can be thought of as a dipole (2-pole) magnet. Magnetic field
lines radiate between Earth's north and south magnetic poles just as they do between the poles
of a bar magnet. Charged particles become trapped on these field lines (just as the iron filings
are trapped), forming the magnetosphere.
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filings will arrange themselves around the magnet and along the magnetic field lines.

In the ssimplest terms, Earth can be thought of as a dipole (2-pole) magnet. Magnetic field
lines radiate between Earth's north and south magnetic poles just as they do between the poles
of a bar magnet. Charged particles become trapped on these field lines (just as the iron filings
are trapped), forming the magnetosphere.

Earth's magnetic field lines are not as symmetrical as those of the bar
magnet. The impact of the solar wind causes the lines facing sunward to
compress, while the field lines facing away from the Sun stream back to form
Earth's magnetotail. The magnetosphere extends into the vacuum of space
from approximately 80 to 60,000 kilometers (50 to 37,280 miles) on the side
toward the Sun, and trails out more than 300,000 kilometers (186,500 miles)
away from the Sun.

The cause of Earth's magnetic field (the surface magnetic field) is not known for certain,
but is possibly explained by dynamo theory. The magnetic field extends several tens of
thousands of kilometers into space.

The field is approximately a magnetic dipole, with one pole near the geographic north
pole and the other near the geographic south pole. An imaginary line joining the magnetic
poles would be inclined by approximately 11.3° from the planet's axis of rotation. The
strength of the field at the Earth's surface at this time ranges from less than 30 microtesla (0.3
gauss) in an area including most of South America and South Africa to over 60 microtesla
(0.6 gauss) around the magnetic poles in northern Canada and south of Australia, and in part
of Siberia.

Thefield issimilar to that of a bar magnet, but this similarity is superficial.
The magnetic field of a bar magnet, or any other type of permanent magnet, is
created by the coordinated motions of electrons (negatively charged particles)
within iron atoms. The Earth's core, however, is hotter than 1043 K, the
temperature at which the orientations of electron orbits within iron become
randomized. Such randomization tends to cause the substance to lose its
magnetic field. Therefore the Earth's magnetic field is caused not by
magnetised iron deposits, but mostly by electric currents (known as telluric currents).

Another feature that distinguishes the Earth magnetically from a bar magnet is its
magnetosphere. At large distances from the planet, this dominates the surface magnetic field.
In addition, the magnetized elements within the planetary core are undergoing rotation and are
not static.

MAGNETIC FIELD REVERSALS

The Earth's magnetic field reverses at intervals, ranging from tens of thousands to
hundreds of thousands of years. It is believed that this last occurred some 600,000 years ago
(Comins - DEU p.84). Past field reversals are recorded in the "frozen" magnetic domains of
solidified lava that has welled up along spreading ocean floor ridges, since the sea floor
spreads at a fairly constant rate, this results in broad "stripes' of sea floor with opposite
magnetic fields.



The overall geomagnetic field is becoming weaker at a rate which will cause the field to
disappear, abeit temporarily, by about 4000 AD.1 Other sources have put the date of field
collapse as early as 3000 AD.

Pulsar Giveslnsight On Ultra Dense Matter And Magnetic Fields Science Daily -
December 2004

Earth’s Magnetic field isfading, National Geographic - September 2004
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Electromagnetic induction was discovered by Michael Faraday in 1831. Faraday found
that if a conductor "cuts across' lines of magnetic force, or if magnetic lines of force
cut across aconductor, avoltage, or EMF, isinduced into the conductor. Consider a magnet
with its lines of force from the North Pole to the South Pole (Figure 29). A conductor C,
which can be moved between the poles of the magnet, is connected to a galvanometer
G, which can detect the presence of voltage, or EMF. When the conductor is not moving,
zero EMF isindicated by the galvanometer.

HYSTERETIC LOOP

The hysteretic loop is a series of Figure 28 Hysteretic Loop for Magnetic Materials
curves that's how the characteristics of a magnetic material (Figure 28). Opposite
directions of current will result in opposite directions of flux intensity shown as +H and -H.
Opposite polarities are a'so shown for flux density as +B or -B. Current starts at the
center (zero) when
unmagnetized. Positive H
values increase B to the saturation
point, or +Bnax, as shown by
the dashed linee Then H
decreases to zero, but B drops
to the value of B;due to
hysteretic. By reversing the

original  current, H  now
becomes negative. B drops to
+H, &t/m zero and continues on to -Bmax.
Asthe -H vaues decrease
(less negative), B is reduced to
-B, when H is zero. With a
positive swing of current, H once
again becomes positive,
producing saturation at +Bmax.
The hysteretic loop is completed.
The loop does not return to
zero because of hysteretic.
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SIMPLE HARMONICSMOTION

In this experiment, students undertake vector analysis of the horizontal components of the
centripetal force acting on an object moving with uniform circular motion. The relationship
between horizontal force and displacement is established and SHM defined and the equation
to calculate the period is developed. The theory is tested using a mass oscillating on the end of
a spring. Students then use the same experimental set up as in 'Energy stored in a Spring' to
plot the displacement, velocity and acceleration versus time graphs on a PC as the mass
oscillates.



NEWTON'SCRADLE

Students analyse the balls on the 'executive toy' called Newton's cradle. They discover that
conservation of momentum does not explain what is observed - another factor must be at
work. They are introduced to the concept of kinetic energy.

RAY TRACING

The principle rays are introduced and students draw scaled ray diagrams to predict the
nature, position, size and orientation of real and virtual images formed by concave and convex
lenses and mirror. Magnification is defined and thisis related to the distance of the image and
the object from the lens or mirror.



THE CONVEX LENS

Students calculate and draw on alarge scale diagram, the paths followed by light through
a convex lens. The three light paths are paralel to the axis of the lens. Students measure
angles of incidence and calculate angles of refraction at the air/glass and glass/air boundaries
and discover the position of the principle focus of the lens. They compare their result with the
value obtained using the Lens Makers Formula. It is a very valuable exercise. Students have
been known to say they 'get it better' after completing it.
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THE EYE

Students investigate how the eye focuses on objects. They use a convex lens and a screen
to model the eye and replace the lens with one of a different shape when the object is moved.
The effect of pupil size and depth of field is studied. Defects of vision are is investigated and
students add additional lenses to 'defective’ model eyes to produce a sharp image on the
screen for both long and short sighted eyes.



COLOUR FILTRATION

Students use a computer interface and a light sensor to measure the percentage
transmission of the different parts of the complete spectrum through different coloured filters
and then plot graphs of percentage transmission versus colour for each filter.

REFRACTION:

The reflection of light is often discussed using phrases such as "aray of light bounces off
of amirror." This is because when a light ray reflects at the surface of a mirror it follows a
path similar in behavior to a pool ball bouncing off of a cushion on a pool table. However
unusual it may sound at first, it is not really the best idea to describe the reflection of a light
ray using words like bounce. It is better to describe light ray reflection as the turning back of
the ray when it encounters the edge of a medium. Light rays, at least at first study, are best not
quickly described in terms of particles, say, like pool bals.



RAY OPTICS

In the picture to the left, alight source beams down upon a surface. Narrowly separated
blocks are placed on the surface. The next picture shows the scene from directly above.

There are several ways to
think about light in physics.
One very useful way is to
think of it in terms of rays.
That is, to imagine light to
be traveling in very narrow
pencils, or beams. When you
do that, we say that you are
modeling light as rays. This
method allows one to
develop an understanding of
several  light phenomena
including common
reflections and refractions. It
is called the study of ray
optics.

As stated before, in the above picture a source of light shines down on a surface upon which
some blocks have been placed. In the following picture we are looking at the same scene from
above.

Here we can see how each
set of blocks has a narrow
separation between them. A
small narrow beam of light
passes through this opening
and finally emerges at the
left. This emergent beam
approximates what we mean
by aray of light.

Actualy, the emergent beam above needs to be thought of as being very, very narrow. A
ray of light is imagined much like a line is in mathematics, that is, infinitely thin. A ray of
light has adirection, though, while aline does not.



