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INTRUDUCTION

Electromagnetic field

An electromagnetic field (also EM field or EMF) is a classical
(. non-quantum) field produced by acceleraling electric
charges. It s the field described by classical
electrodynamics and is the classical counterpart to the quantized
electromagnetic field tensor in quantum electrodynamics. The
electromagnetic field propagates at the speed of light (in facl, this
field can be identified as light) and interacts with charges and
currents. Its quantum counterpart is one of the four fundamental
forces of  nature (the others are gravitation, weak
interaction and strong interaction.)

The field can be viewed as the combination of an electric field and
a magnetic field. The electric field is produced by stationary
charges, and the magnetic field by moving charges (currents);
these two are often described as the sources of the field. The way
in which charges and currents interact with the electromagnetic

field is described by Maxwell's equations and the Lorentz force
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the electric charges move i1 space

A common misunderstanding is that (a) the quanta of the
fields act in the same manner as (b) the charged particles
such as electrons, that generate the fields. in our everyday
world, electrons travel slowly through conduclors with
a drift velocity of a fraction of a centimeler per second and

through a vacuum tube at speeds of around 1 thousand

km/s, but fields propagate at the speed of light,

approximately 300 thousand kilometers (or 186 thousand
miles) a second. The speed ratio between charged
particles in a conductor and field quanta is on the order of
one to a million. Maxwell's equations relate (a) the
presence and movement of charged particles with (b) the
generation of fields. Those fields can then affect the force

on, and can then move other slowly moving charged

particles. Charged particles can move at relativistic

speeds nearing field propagation speeds, but, as Albert
Einstein showed - this requires enormous field energies,

which are not present in our everyday experiences with

electricity, magnetism, matter, and time and space.
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dependence. then both fields must be considered logelhor

field using Maxwoll's

as a coupled electromagnelic

equations. With the advent of special relalivity, physical

laws became susceptible to the formalism of l[ensors

Maxwell's equations can be wrniten in tensor form,

generally viewed by physicists as amore elegant means
of expressing physical laws

The behavior of electric and magnetic fields, whether in

magnetostatics,

cases of electrostatics,

or electrodynamics (electromagnetic fields), is governed

by Maxwell's equations. In the vector field formalism,
these are:

(Gauss's law)

(Gauss's law for magnetism)

(Faraday's law)
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THE ELECTROMAGNETIC SPECTRUM
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In differantial geometry and theorstical (hysits
the classification of olectromagnetic flolds s

a pointwise classification of bivaeclore al  asach polmt  of

a Lorentzian manifold It I8 used in the sludy of solutions
of Maxwell's agquations and has applications i

Einstein's theory of relativity

The classification theorem

I'he electromagnetic field at a point p (i.e. an event) of a
Lorentzian spacetime 4 reprasenied by

a real bivector F = Fodefined over the tangent space at p
The tangent space at p is isometric as a real inner product
space to E That is, It has the same notion of

vector magnitude and angle as Minkowski spacetime. 10

simplify the notation, we will assume the
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which resembles both propagation lypes in some ways

Sporadic-E propagation

Sporadic E (Es) propagation occurs on HF

and VHF bands.@ |t must not be confused
with  ordinary HF E-layer propagation.
Sporadic-E at mid-latitudes occurs mostly
during summer season, from May to August
Inthe northern hemisphere and from
November to February in the southern
hemisphere. There is no single cause for this
mysterious propagation mode. The reflection
takes place in a thin sheet of jonization
around 90 km (85 miles) height. The
lonization patches drift westwards at speeds

of few hundred km (miles) per hour. There is
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Airplane scattering

Main article: Alrplane St allor
mos! oflorn H'H‘"".’”HU /! t’;f;',fwr/rar]

Airplane scattering (0f
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Lightning scattering
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Lightning scattering has SO
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Practical effects

' can notice the effects of changes ir

I he IVETIROEe PDar
radio propagahion in several ways
iIn AM broadcasting. the dramatic ronosphenc changes

that occur overmight in the mediumwave band dnve a

unique broadcast license scheme in the United Slafes
with entirely different transmitter power oulput levels
and directional antenna pattems to cope with skywave
propagation at night. Very few stations are allowed (o
run without modifications during dark hours, typically
only those on clear channels in North America " Many
stations have no authorization to run at all outside of

daylight hours.

For FM broadcasting (and the few remaining low-
band TV stations), weather is the primary cause for
changes in VHF propagation, along with some diurnal
changes when the sky is mostly without cloud
cover. These changes are most obvious during

temperature inversions, such as in the late-night
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a function of frequency. distance and other
conditions. A single model is usually developed (O
predict the behavior of propagation for all similar
links under similar constraints. Created with the
goal of formalizing the way radio waves are
propagated from one place to another, such
models typically predict the path loss along a link

or the effective coverage area of a transmitter.

As the path loss encountered along any radio link
serves as the dominant factor for characterization
of propagation for the link, radio propagation
models typically focus on realization of the path

loss with the auxiliary task of predicting the area of

coverage for a transmitter or modeling the

distribution of signals over different regions

Because each individual telecommunication link

has to encounter different terrain, path,

obstructions, atmospheric conditions and other
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120M'¢)

(M radio 1 M=

Nonionizing
FM radio 100 MH- Nonionizing i m
Cell 1900 MH Nonionizing ~[7cm
P/.’UHL-‘.\ Z
Microwa 2450 MH No nionizing
ve oven  z
Visible 10 Hz Nonionizing ~500 nn
light
UV light 10- Hz Nonionizing 10~ m
lonizing
X-rays 10+ Hz  lonizing 10 m
Gamma 10~ Hz  lonizing 10+ m
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