L17 – Intro to Atmospheric Radiation
What is atmospheric radiation?  We refer specifically to a type of radiation called electromagnetic radiation.  We know of many forms of E+M radiation by different terms:

· Light

· “Ultra-violet light”

· X-rays

· Gamma-rays

· Certain types of “radiative” heat, called infrared radiation

· Microwaves

· Radio waves (a subset of microwave)

All these things are different manifestations of the same process – oscillations of electric and magnetic fields that propagate through space like waves, carrying electromagnetic energy with them at the speed of light.
We are NOT talking about non-electromagnetic radiation, which mainly comprises types of particulate radiation, such as

· Cosmic rays (high-speed particles bombarding Earth from the sun or deep space)
· Beta/alpha radiation (high-speed particles emitted from nuclear reactions)

Review of Electromagnetism
When we think of the gravitational field, we noted that every point in space, x, has an associated gravitational field g(x), such that a mass located at that point will feel a force
Fg = mg(x)
This force is caused by the attraction of a mass to all the other masses in the universe.  The acceleration towards a point mass, m(x0), is given by

g(x) = -Gm(x-x0)/|x-x0|3
and this equation is basically summed over all such pointmasses in the universe.  The 1/r2 dependence on the distance between the two points allows us to express the gravitational field as
g(x) = -(
where  is the gravitational potential.
Similarly, there is an electric field, E(x), which is the force per unit electric charge on an object

Fe = qE(x)
where q is the traditional variable that describes the charge on a particle.  Likewise, the force on the particle is generated by other charged particles with a 1/r2 dependence on the distance between them.  The field generated by some point charge q0 at x0 is,
E(x) = -q0(x-x0)/|x-x0|3
If the charges aren’t moving, we can then write a Electrical potential, V, (measured in Volts) as
E(x) = -(V
The key differences between gravitation and electrostatics are that: 1) in gravitation, the force is proportional to inertial mass and is always attractive, whereas in electrostatics, the force is proportional to the electric charge, which can be either positive or negative, and is repulsive between objects with the same signed charge; and 2) gravitation is much, much weaker that electrostatic forces, on a particle-by-particle basis.

On the microscopic level, electrons have a charge of –e, and protons have a charge of e.  The attractive force between these two are extremely strong – particularly because of the ~10-10 m distances between them on the atomic level.  This attraction creates the bond between electrons and nuclei, those between atoms in a molecule, and even those between neutral molecules in a liquid or solid.

Due to these strong attractive forces, charge tends to become uniformly neutral on large spatial scales.  There are exceptions, of course, but these are not really the purview of atmospheric radiation..

Our main concern in radiation is not the static field that charges produce, but oscillations in the field that propagate through space interpedently of their original charged source.

Magnetic fields also permeate space, and are denoted by B(x).  They only affect charges that are moving. 

Fb = q(v ( B(x))
The magnetic field doesn’t push anything along the direction it points – rather you can think of it as an axis, where the motion of a charged particle perpendicular to this axis will be rotated in the plane normal to the axis without changing speed.

Likewise, magnetic fields are only created by charges that are moving.  A wire carrying a current (i.e. moving charges) creates magnetic fields that form closed loops (concentric circles) surrounding the wire with a strength proportional to the current and inversely proportional to the distance of the loop from the wire.
[As a side note, the magnetic field can be derived from considerations of the electric field and the relativistic transformation of moving charges.  In fact, there is a great philosophical debate (rooted in epistemology) as to whether the magnetic field is independent of the magnetic field or not.  Proof would be in the discovery of a magnetic charge (i.e. magnetic monopole), which has never been seen.]

In the 19th century, observations showed that changes in electric fields across a surface could act like a current across that surface, producing a magnetic loop.  Likewise, changes in the magnetic field across a surface could create a loop of electric field circulating around that surface, capable of causing a current.  This symmetry between magnetic and electric fields (apart from the existence of a magnetic charge) inspired Maxwell’s equations, which summarize the results above:
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In the atmosphere and empty space, there is no real charge distribution, and no current to speak of.  This results in the following more simple set of equations
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Combining the last two equations after taking another derivative with time yields
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The vector identity


[image: image4.wmf](

)

E

E

E

2

Ñ

-

×

Ñ

Ñ

=

´

Ñ

´

Ñ


Can be used with the first of the Maxwell’s equations to write
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Symmetry yields an identical expression for B, with zero phase difference between the fields.

This is a wave equation, with solutions of the form
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and where 
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is any direction perpendicular to E0, and c = (00)-1/2, and 
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Note that f (u) can be any function of one variable.  This function is not necessarily a sinusoid, but rather, it can have any shape. By using 
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as the variable, we satisfy the vector wave equation above, and the solution describes a wave where this fixed shaped function will move in the direction 
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with velocity c.  By being a function of only one variable, this solution implicitly requires that there is no variation in the electric field in directions perpendicular to 
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.  For this reason, this type of solution is called a “plane wave” since the wave front consists of sheets, or planes, of constant electric field that are perpendicular to their direction of propagation.  This plane wave carries a certain amount of energy per unit volume (J m-3).  When we think of a unit area perpendicular to the plane that is fixed in space, we can then consider the amount of energy the wave carries across this plane, which is just the energy density divided by the speed of light.  This quantity, W m-2, is called the radiant flux density, F, across the reference plane contributed by this plane wave.
Note that for these plane waves, the electric field does not drop off with 1/r2 from some source, but rather it can theoretically propagate ad infinatum through space.  This is the only mechanism with which radiant energy can be transported without limit.
It is nice to know that any function f(u) can satisfy our wave equation, but we want more information than that.  We often talk about the frequency of a wave.  If f(u) is arbitrarily shaped, there is nothing periodic about it from which we can derive a frequency.  Instead, what we tend to do is break f(u) down in a Fourier Series, for which


[image: image12.wmf]ò

¥

¥

-

=

dk

e

k

f

u

f

iku

)

(

)

(


Essentially, we’re breaking f(u) up into the superposition of a bunch of sines and cosines, each with a specific wavelength (=2/k).  Given the speed of the wave is known to be c, then the frequency of the wave at a fixed location can be calculated to be  = c/ = ck/2.  The distribution of the energy among the various values of frequency or wavelength is given by f(k), which is called the electromagnetic spectrum.
This breakdown by frequency, or wavelength, is very useful when analyzing the ambient spectrum, because materials interact with the propagating wave very differently depending on its spectral composition.
Now this is just one of an infinite number of possible solutions to the wave equation, since a different function f can be constructed for each direction k and for each of two perpendicular directions for E0.  For this reason, we often describe radiation in terms of the intensity of this energy (in W m-2) coming from a given direction.  We will address this in the next lecture, along with Wave particle duality.
Wave-particle Duality
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