ELECTRO MAGNETIC THEORY
CHAPTER-1

Sources and effects of electromagnetic fields:

Electromagnetics (EM) is a branch of physics or electrical engineering in which electric

and magnetic phenomena are studied.

EM principles find applications in various allied disciplines such as microwaves, antennas,
electric machines, satellite communications, bioelectromagnetics, plasmas, nuclear research,
fiber optics, electromagnetic interference and compatibility, electromechanical energy
conversion, radar meteorology and remote sensing. EM devices include transformers, electric

relays, radio/TV, telephone, electric motors, transmission lines, waveguides, antennas, optical
fibers, radars, and lasers.

1.1.Sources of electromagnetic fields

Natural sources Electromagnetic fields are present everywhere in our environment but
are invisible to the human eye. Electric fields are produced by the local build-up of
electric charges in the atmosphere associated with thunderstorms. The earth's magnetic

field causes a compass needle to orient in a North-South direction and is used by birds
and fish for navigation.

Human-made sources

Besides natural sources the electromagnetic spectrum also includes fields generated by
human-made sources. X-rays are employed to diagnose a broken limb after a sport
accident. The electricity that comes out of every power socket has associated low
frequency electromagnetic fields. And various kinds of higher frequency radio waves are

used to transmit information — whether via TV antennas, radio stations or mobile phone
base stations are some man-made sources.

Background electromagnetic field levels from electricity transmission and distribution
facilities. Electricity is transmitted over long distances via high voltage power lines.
Transformers reduce these high voltages for local distribution to homes and businesses.
Electricity transmission and distribution facilities and residential wiring and appliances
account for the background level of power frequency electric and magnetic fields in the
home. ‘

In homes not located near power lines this background field may be up to about 0.2 uT.
directly beneath power lines the fields are much stronger. Magnetic flux densities at
ground level can range upto several uT. Electric field levels underneath power lines can
be as high as 10 kV/m.
However, the fields (both electric and magnetic) drop off with distance from the lines.
At 50m to 100 m distance the fields are normally at levels that are found in areas away
from high voltage power lines. In addition, house walls substantially reduce the electric
field levels from those found at similar locations outside the house.

Electric appliances in the household, the strongest power frequency electric fields that
are ordinarily encountered in the environment exist beneath high voltage transmission
lines. In contrast, the strongest magnetic fields at power frequency are normally found
very close to motors and other electrical appliances, as well as in specialized equipment
such as magnetic resonance scanners used for medical imaging.



1.2: Health effects of electromagnetic fields

" Exposure .to electromagnetic fields is not a new phenomenon. However, during the
<~ thcel}tury, environmental exposure to man-made electromagnetic fields has been steadily
InCreasing as growing electricity. (demand,- eversadvancing technologies and changes in
social behaviour have created more and more artificial sources. Everyone is exposed to a
complex mix of weak electric and magnetic fields, both at home and at work, from the
generation and transmission of electricity, domestic appliances and industrial equipment, to
telecqmmunications and broadcasting. Tiny electrical currents exist in the human body due to the
chemical reactions that occur as part of the normal bodily functions, even in the absence of
e).(ternal electric fields. For example, nerves relay signals by transmitting electric impulses. Most
biochemical reactions from digestion to brain activities go along with the rearrangement of
charged particles. Even the heart is electrically active - an activity that your doctor can trace with
the help of an electrocardiogram.

Low-frequency electric fields

This influence the human body just as they influence any other material made up of
cl.lar.ged particles. When electric fields act on conductive materials, they influence the
distribution of electric charges at their surface. They cause current to flow through the body to
the ground.

Low-frequency magnetic fields

This induce circulating currents within the human body. The strength of these currents
depends on the intensity of the outside magnetic field. If sufficiently large, these currents could
cause stimulation of nerves and muscles or affect other biological processes.

Both electric and magnetic fields induce voltages and currents in the body but even
directly beneath a high voltage transmission line, the induced currents are very small compared
to thresholds for producing shock and other electrical effects.

Heating is the main biological effect of the electromagnetic fields of radiofrequency
fields. In microwave ovens this fact is employed to warm up food. The levels of radiofrequency
fields to which people are normally exposed are very much lower than those needed to produce
significant heating. The heating effect of radio waves forms the underlying basis for current
guidelines. Scientists are also investigating the possibility that effects below the threshold level
for body heating occur as a result of long-term exposure. Till date, no adverse health effects from
low level, long-term exposure to radiofrequency or power frequency fields have been confirmed,
but scientists are actively continuing to research this area.
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