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ABSTRACT

This thesis illustrates the effect of magnetic and electric fields on
human body due to the pollution caused by 400 kV high voltage power
lines in Sabratha province in Libya. An experimental work was carried
out in aforementioned area, a variations in electric fields and magnetic
fields were noticed based on the distances from the center of the tower,
since small values of electric fields were noticed close to the tower could
be due to parasitic capacitances, a higher values in the mid distance
between the towers were also observed.

As far as for the magnetic fields, an ELF Field Strength
Measurement System (Hi 3604) meter was used, similar results were
found since the magnetic field intensity increase or decrease based on the
distance from zero point (tower center). The achieved results are useful as
a measure for the impact of the magnetic and electric fields densities on
the human body at the ground level under or in the vicinity of the high
voltage transmission line and under the safety limits recommendations of
international committee. Finally, the measurement results were compared
with computer simulation using the mat lab.

In this research, the concentration of radon gas in the soil in the city of
Sabratha was also measured, using the technique of counting the effects
.of alpha particles emitted by gas Radonin the nuclear ether detector
(39-CR).
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Chapter 1

Introduction of Electromagnetic field



1.1 The concept Electromagnetic Field

Earlier human being experienced naturally generating electric and
magnetic fields which are by and large harmless. But in the last 50 years
due to technological advancement and population growth people’s
demand have increased. Today we are generating more power,
transmitting it more and distributing more which led to rise of artificial,
extremely low frequency (ELF) electromagnetic fields at frequencies
of 50 and 60 Hz mainly. Nowadays artificially generated electric
field have more magnitude than natural fields at 50 and 60 Hz.
Physiological functions such as neuromuscular action, glandular
secretion, cell membrane building, and improvement, growth and
repair of tissue are affected by internal electric field . As health of human
being get affected from increase in electric fields and currents in the body
as told by Grandolfo et al. 1985[1], questions emerge concerning
conceivable impacts of artificially created fields on biological system. To
be able to sustainably live with advances in science and technology, time
has come to fix a safe limit for exposure of ELF electromagnetic fields.
So that future growth of technology is smoothly maintained.

With the inputs from Grandolfo and Vecchiaa, 1989,
Regulatory and advisory committees have been set up in many
countries to examine the possible harmful effects of ELF
electromagnetic fields on human health [2].

Electromagnetic energy is generated through changes in the motion
state of electrical charges. A change in state of motion will result in
emission or absorption of energy. The wavelength of emitted or absorbed
energy is inversely proportional to the magnitude of the energy change.
An electromagnetic wave propagates in a direction which is oriented at
right angle to the vibration directions of (B) and electric (E) oscillating
field vectors, transporting energy from the radiation source to an
undetermined final destination. The two oscillating energy fields are

mutually perpendicular and vibrate in phase following the mathematical



form of a sine wave. Not only are the magnetic and electrical field vectors
perpendicular to each other, but also they are perpendicular to the
direction of wave propagation.

High voltage overhead lines has an electric and magnetic fields
around them. These field increase with the increase in loading. In Libya
the 400k.v overhead lines is the highest voltage in use. People who are
living very close to the overhead lines could be harmed by the effect of its
fields.

In this thesis experimental measure and simulation of the
electromagnetic fields of high voltage overhead lines (400kv) that
extended from Zawia to Tripoli-West stations (Sabratha), are conducted
and evaluated if it is within the interactional standards and give
recommendation based on the findings. Many papers have been
investigated about the distribution of electromagnetic fields under high
voltage transmission lines. For example: Daniel Greenan from Ireland
found that overhead lines have a negative visual impact and health
implications [3].

Dib Djalel et I. from Algeria Confirmation of non-standards
compliance to the limits of human exposure to ELF fields in the case of
the town of Tebessa and approving the aggression on human health.[4]

Nmk Abdel-Gawad had discussed in his paper which had polished
in the open Environmental Engineering Journal (2009), the Investigation
into field Management under power Transmission Lines using Delta
Configurations.[5]

Adel Z.Eldein had discussed his paper about the Mitigation of
magnetic field under Egyptian 500kv Overhead Transmission line during
the seventh international Multi-Conference on systems, signals and
devices. (2010),[6]

These papers have explained only the lateral profile of the
electromagnetic field distribution on the ground.



In this thesis the magnetic fields around high voltage overhead
lines, one meter height above the ground will be measured with
appropriate measurement device.

To safeguard the human being’s health from the seemingly
harmful effects of exposure to magnetic fields and electric fields at
frequencies of 50/60 Hz many research work have been conducted. Most
of the studies were animal based on and extrapolated to human being.
Few of reports have been performed on human. Recent diametric studies
have provided the link for extrapolating the studies on animals to human
being. Comparisons of exposure can be made by comparing development
of internal current densities and field around body surfaces.

Protect human health from the obvious adverse effects of exposure
of 50/60 Hz magnetic and electric fields have been the subject of much
research. resulting in most studies are based on animals and are inferred
to be human. Recent measurement studies provide links to inferential
research about human beings . and compare exposure to internal current
density and area around the body surface.

The objective of this work is to investigate how safe is the
transmission corridor limits (£30m, ROW edges) set by the Libyan
government and to account for public awareness.

The electromagnetic (EM) fields have two components as electric
field and magnetic field. The intensity of the electric field's voltage per
meter is measured with voltmeter, the unit of measurement of the
magnetic field is -"Tesla'- or another unit is -'Gauss'-. The specifications
of electronic and magnetic fields are different. Therefore, impacts on the
biological structures of living of these areas is different. How these areas
affect the people is not yet fully understood. But according to studies; the
magnetic fields are more effective than electric field. On the other hand,
magnetic fields does not know obstacle, except some specially
manufactured substances. The electric field creates a weak current on the



surface of the human body. Magnetic fields lead to the formation of such
weak flow in the internal organs by entering into the body. In fact,
variable magnetic fields crate current in all conductive around them
(human body can be considered as a conductor)[7].

Exposure to electromagnetic fields in not a new phenomenon.
However, during the 20" century, environmental exposure to man-made
electromagnetic fields has been steadily increasing as growing electricity
demeaned, ever-advancing technologies and changes in social behavior
have created more and more artificial source. 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 telecommunications 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 external electric fields. For example, nerves relay
signals by transmitting electric impulses. Most biochemical reactions
from digestion to brain activitiess go along with the rearrangement of
charged particles. Even the heart is electrically active. Low-frequency
electric fields influence the human body just as they influence any other
material made up of charged 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. Low-
frequency magnetic fields induce circulating currents within the human
body.[8]

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 of affect other Dbiological processes. Fig (1-1)
indicates the low frequency electric and magnetic fields induce weak
currents in human body. The body has sophisticated mechanisms to
adjust to the many and varied influences we encounter in our



environment. Ongoing change forms a normal part of our lives. But, of
course, the body does not possess adequate compensation mechanisms for
all biological effects. Changes that are irreversible and stress the system
for long periods of time may constitute a health hazard. An adverse health
effect causes detectable impairment of the health of the exposed
individual or of his or her off spring, a biological effect, on the other
hand, may or may not result in an adverse health effect.[8]

Electric field Magnetic field
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Fig (1.1): Low frequency electric and magnetic fields induce weak electric
currents in humans body[8]

It is not disputed that electromagnetic fields above certain levels
can trigger biological effects. Experiments with healthy volunteers
indicate that short-term exposure at the levels present in the environment
or in the home do not cause any apparent detrimental effects. Exposures
to higher levels that might be harmful are restricted by national and
international guidelines. In response to growing public health concerns
over possible health effects from exposure to an ever increasing number
and diversity of electromagnetic field sources, in 1996 the world Health
Organization (WHO) launched a large, multidisciplinary research effort.
The International EMF Project brings together current knowledge and



available resources of key international and national agencies and
scientific institutions. In the area of biological effects and medical
applications of non-ionizing radiation approximately 25,000 articles have
been published over the past 30 years.[8]

There have been occasional reports of associations between health
problems and presumed exposure to electromagnetic fields, such as
reports of prematurity and low birth weight in children of workers in the
electronics industry.[8]

A number of epidemiological studies suggest small increases in
risk of childhood leukemia with exposure to low frequency magnetic
fields in the home. However, scientists have not generally concluded that
these results indicate a cause-effect relation between exposure to the
fields and disease (as opposed to artifacts in the study or effects unrelated
to field exposure). In part, this conclusion has been reached because
animal and laboratory studies fail to demonstrate any reproducible effects
that are consistent with the hypothesis that fields cause or promote
cancer. Large-scale studies are currently underway in several countries
and may help resolve these issues. Some individuals report
"hypersensitivity" to electric or magnetic fields. They ask whether aches
and pains, headaches, depression, lethargy, sleeping disorders, and even
convulsions and epileptic seizures could be associated with
electromagnetic field exposure. Recent Scandinavian studies found that
individuals do not show consistent reactions under properly controlled
conditions of electromagnetic filed exposure. Nor is there any accepted
biological mechanism to explain hypersensitivity. Research on this
subject is difficult because many other subjective responses may be
involved, apart from direct effects of fields themselves. More studies are
continuing on the subject. [8]

In Libya some people are living and still building houses right now
under the power lines, Fig (1.2) shows that. The right of way (ROW) in
not forced.



Fig (1.2) Building under overhead lines[8]
During measurements under vicinity of overhead transmission lines

it's found there are some Olive trees are drying, and those are not dry
have their leaves nearly to being dry. It could be from H.V field effect,
because the tree far from the lines are normal, as Fig (1.3) indicates.

Figure (1.3) Olive trees under overhead lines|8].



1.2 Thesis lay-out
This thesis deals with the following:

1-The application of theory of electromagnetic fields method.

2-The detailed discussion on performance of transmission line is
presented and the parameters of transmission line is also included.

3-The effect of electromagnetic fields of 400kv high voltage transmission
line on human was applied in two different ways:

a-Experiment method.

b-Simulation method.

4-The comparison between experiment measured and simulation using

mat-lab program.



Chapter 2

Theory Of Electromagnetic Fields
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2- Introduction

Electricity is such a basic element of modem life makes everybody
exposed to ascertain degree of electromagnetic fields. The two fields
associated with the use of electricity are electric fields which are
produced by the voltage, and magnetic fields which are produced by the
current. The two fields taken together are the electromagnetic fields
(EMF).

Several developments have taken place in the design of the power
lines in order to reduce the electromagnetic field, such as increasing the
distance between the lines and the residences, decreasing the current,
shielding, changing the geometry of the conductors through the
compaction method, the phase splitting method as well as the current-
phase rearrangement method. It is important to implement these
techniques because many researchers still suspect the existence of an
association between the EMF induced from power lines and health
damages.

At the beginning of the 21% century, communities and individuals
are still facing problems whenever a new overhead transmission power
line has to be installed. The presumed effects of the electromagnetic
fields on the individual health tend to scare people. Due to this fear
protests usually tend to be issue in order to prevent the installation of
these high voltage transmission lines.

High voltage (HV) transmission lines and electric equipment
produce electric and magnetic field in their vicinity, which are likely to
have harmful effects on plants, animals and human beings when their
levels are beyond certain limits. Radiation from power transmission lines
are inescapable. Magnetic field was measured under 400kv lines. Data
from these studies and biological effects of electric and magnetic fields
are discussed.
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In recent years the living or working condition near high voltage
transmission lines are subjected of many researches due to the harmful
effects of electromagnetic field on human's health. This subject is very
popular and it is now the research aim of national scientific organizations,
so that the world Health Organization (WHO) has offered useful advises
for the maximum time of being under electromagnetic field. That kind of
organizations which are working in this subject believe that applying such
as time limitations are not reliable enough and is just a discretionary act,
however regarding to all this condition all of this organizations believe
that living near electrical installations is not safe. According to this and to
better evaluate electromagnetic field around of the transmission lines, the
simulation and also measurement of the magnetic field generated by
400kV lines will be done.[9]

One of the main characteristics which defines an electromagnetic
field (EMF) is its frequency or its corresponding wavelength. Fields of
different frequencies interact with the body in different ways. One can
iImagine electromagnetic waves as series of very regular waves that travel
at, the speed of light.

Another important characteristic of electromagnetic fields:
Electromagnetic waves are carried out by particles called quanta. Quanta
of higher frequency (shorter wavelength) waves carry more energy than
lower frequency (longer. wavelength) fields. Some electromagnetic
waves carry so much energy per quantum that they have the ability to
break bonds between molecules. In the electromagnetic spectrum, gamma
rays given off by radioactive materials, cosmic rays and X-rays carry this
property and are called ‘ionizing radiation’. Fields whose quanta are
insufficient to break molecular bonds are called 'non-ionizing radiation.
Man-made sources of electromagnetic fields that form a major part of
industrialized life- electricity, microwaves and radiofrequency fields are
found at the relatively long wavelength and low frequency end of the
spectrum and their quanta are unable to break chemical bonds. [10]

12



2.1- GAUSS'S LAW:

The results of Faraday's experiments with the concentric spheres
could be summed up as an experimental law by stating that the electric
flux passing through any imaginary spherical surface lying between the
two conducting spheres is equal to the charge enclosed within that
imaginary surface. This enclosed charge is distributed on the surface of
the inner sphere, or it might be concentrated as a point charge at the
center of the imaginary sphere. However, since one coulomb of electric
flux is produced by one coulomb of charge, the inner conductor might
just as well have been a cube or a brass door key and the total induced
charge on the outer sphere would still be the same. Certainly the flux
density would change from its previous symmetrical distribution to some
unknown configuration, but + coulombs on any inner conductor would
produce an induced charge of -Q coulombs on the surrounding sphere.
Going one step further, we could now replace the two outer hemispheres
by an empty (but completely closed) soup can. Q@ coulombs on the brass
door key would produce v = Q lines of electric flux and would induce- Q
coulombs on the tin can.[10]

These generalizations of Faraday's experiment lead to the
following statement, which is known as Gauss's law:

The electric flux passing through any closed surface is equal to the
total charge enclosed by that surface.

The contribution of Gauss, one of the greatest mathematicians the
world has ever produced, was actually not in stating the law as we have,
but in providing a mathematical form for this statement, which we shall
now obtain.

Let us imagine a distribution of charge, shown as a cloud of point

charges in Fig (2.1), surrounded by a closed surface of any shape. The
closed surface may be the surface of some real material, but more
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generally it is any closed surface we wish to visualize. If the total charge
IS Q, then Q coulombs of electric flux will pass through the enclosing
surface. At every point on the surface the electric-flux-density vector D
will have some value Ds, where the subscript S merely reminds us that D
must be evaluated at the surface, and Ds will in general vary in magnitude
and direction from one point on the surface to another

Fig. 2.1 The electric flux density Ds at P due to charge Q. The total flux passing
through AS is Ds. AS.[10]

An incremental element of area As is very nearly a portion of this
surface element requires not only a statement of its magnitude As but also
of its orientation in space. In other words, the incremental surface
element is a vector quantity. The only unique direction which may be
associated with As is the direction of the normal to that plane which is
tangent to the surface at the point in question. There are, of course, two
such normal, and the ambiguity is removed by specifying the outward
normal whenever the surface is closed and "outward" has a specific
meaning.

At any point P consider an incremental element of surface As and
let Ds make an angle 6 with As, as shown in Fig (2.1). The flux crossing
As is then the product of the normal component of Ds and As

As,A¥ = flux crossing AS = D ,0rmAs = DgcosOAs = Ds. As
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The total flux passing through the closed surface is obtained by
adding the differential contributions crossing each surface element As,

Y = j dy :35 closed |, ds 2.1)
surface

The resultant integral is a closed surface integral, and since the
surface element ds always involves the differentials of two coordinates,
such as dx dy,pd® dp, or r* sin 6 d0 d@, the integral is a double
integral. Usually only one integral sign lllustrations is used for brevity,
and we shall always place an S below the integral sign to indicate a
surface integral, although this is not actually necessary since the
differential ds is automatically the signal for a surface integral. One last
convention is to place a small circle on the integral sign itself to indicate
that the integration is to be performed over a closed surface. Such a
surface is often called a Gaussian surface. We then have the mathematical
formulation of Gauss's law,

Y= 3€ D,.dS = charge enclosed = Q (2.2)
S

The charge enclosed might be several point charges, in which case
Q=) on (23)
or a line charge,
Q= j pLdL (2.4)
or a surface charge,

Q= fs pS dS (not necesarily a closed surface) (2.5)

or a volume charge distribution,

Q=] pvdv (2.6)

vol

The last form is usually used, and we should agree now that it
represents any or all of the other forms. With this understanding, Gauss's
law may be written in terms of the charge distribution as

15



5L Ds.dS=f pPrAdv (2.7)
S vol

a mathematical statement meaning simply that the total electric flux
through any closed surface is equal to the charge enclosed.

To illustrate the application of Gauss's law, let us check the results
of Faraday's experiment by placing a point charge Q at the origin of a
spherical coordinate system Fig (2.2) and by choosing our closed surface
as a sphere of radius a. The electric field intensity of the point charge has

been found to be

Q
= 2.8
41e0r? Ar (2:8)
and since
D = ¢,E (2.9)
we have, as before,
D=_—5a (2.10)

At the surface of the sphere,

Fig. 2.2. The electric flux density D is everywhere normal to the spherical surface

and has a constant magnitude at every point on it.[10]
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The differential element of area on a spherical surface is, In
spherical coordinates from:

dS =r?sinf d6 do = a*sin 0 do do (2.11)
or
dS = a?sin 6 dO do a, (2.12)
The integrand is
D,.dS = yy— a’sin 0d0 dda,.a, = f—nsin 0 do do (2.13)

leading to the closed surface integral
P=2m O=m Q
f f —sin0do do (2.14)
9=0 0=0 n
Where the limits on the integrals have been chosen on that the
integration is carried over the entire surface of the sphere once.[10]
Integrating gives

21 21
J —( cos@) do = f ga‘!Q) Q (2.15)
0

and we obtain a result showing that Q coulombs of electric flux are
crossing the surface, as we should since the enclosed charge is Q
coulombs.

The following section contains examples of the application of
Gauss's law to problems of a simple symmetrical geometry with the
object of finding the electric field intensity[10].

2.2- The steady Magnetic field:

At this point the concept of a field should be a familiar one. Since
we first accepted the experimental law of forces existing between two
point charges and defined electric field intensity as the force per unit
charge on a test charge in the presence of a second charge, we have
discussed numerous fields. These fields possessno real physical basis, for
physical measurements must always be in terms of the forces on the

17



charges in the detection equipment. Those charges which are the source
cause measurable forces to be exerted on other charges, which we may
think of as detector charges. The fact that we attribute a field to the
source charges and then determine the effect of this field on the detector
charges amounts merely to a division of the basic problem into two parts
for convenience.

The relation of the steady magnetic field to its source is more
complicated than is the relation of the electrostatic field to its source. We
shall find it necessary to accept several laws temporarily on faith alone,
relegating their proof to the (rather difficult) final section in this chapter.
This section may well be omitted when studying magnetic fields for the
first time. It is included to make acceptance of the laws a little easier; the
proof of the laws does exist and is available for the disbelievers or the

more advanced student.

2.3- BIOT-SAVART LAW

The source of the steady magnetic field may be a permanent
magnet, an electric field changing linearly with time, or a direct current.
We shall largely ignore the permanent magnet and save the time-varying
electric field for a later discussion. Our present relationships will concern
the magnetic field produced by a differential dc element in free space.

We may think of this differential current element as a vanishingly
small section of a current carrying filamentary conductor, where a
filamentary conductor is the limiting case of a cylindrical ion as the
radius approaches zero. We assume a current | flowing in a differential
vector length of the filament dL. The law of Biot-Savart.[10] then states
that at any point P the magnitude of the magnetic field intensity produced
by the differential element is proportional to the product of the current,
the magnitude of the differential length, and the sine of the angle lying
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Free space

(Point 1) ///

o P

/" 2Rz

"3
[l //_/ _ IldLI XaRlz
/ 425
Fig. 2.3 The law of Biot-Savart expresses the magnetic field intensity dH;
produced by a differential current element I; dL;. [10].

between the filament and a line connecting the filament to the point
P at which the field is desired; also, the magnitude of the magnetic field
intensity is inversely proportional to the square of the distance from the
differential element to the point P. The direction of the magnetic field
intensity is normal to the plane containing the differential filament and
the line drawn from the filament to the point P. Of the two possible
normal, that one is to be chosen which is in the direction of progress of a
right-handed screw turned from dL through the smaller angle to the line
from the filament to P, the constant of proportionality is 1/4.

The Biot-Savart law, just described in some 150 words, may be
written concisely using vector notation as

dH_IdLXaR_IdeR 2 16
"~ 4mMR?  4A7R3 (2.16)

The units of the magnetic field intensity H are evidently amperes
per meter (A/m). The geometry is illustrated in Fig (2.3). Subscripts may
be used to indicate the point to which each of the quantities in (2.16)
refers. If we locate the current element at point 1 and describe the point P
at which the field is to be determined as point 2, then

19



11 dL]_ X aRlZ

dH, =
2 4mR?,

(2.17)

The law of Biot-Savart is sometimes called Ampére's law for the
current element, but we shall retain the former name because of possible
confusion with Ampere's circuital law, to be discussed later.

In some aspects, the Biot-Savart law is reminiscent of Coulomb's

law when that law is written for a differential element of charge,

_ dQ,ag;

dH, = ———-
? 41TEOR122

(2.18)

Both show an inverse-square-law dependence on distance, and both
show a linear relationship between source and field. The chief difference
appears in the direction of the field [10].

It is impossible to check experimentally the law of Biot-Savart as
expressed by (2.16) or (2.17) because the differential current element
cannot be isolated. We have restricted our attention to direct currents

only, so the charge density is not a function of time.

V.] = pv (2.19)
ot
Therefore shows that
VJ=0 (2.20)
or upon applying the divergence theorem,
jg J.ds=0 (2.21)

The total current crossing any closed surface is zero, and this
condition may be satisfied only by assuming a current flow around a
closed path. It is this current flowing in a closed circuit which must be

our experimental source, not the differential element.
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It follows that only the integral form of the Biot-Savart law can be

verified experimentally,

—jLIdeaR

2.22
4 R? ( )

Equation (2.16) or (2.17), of course, leads directly to the integral
form (2.22), but other differential expressions also yield the same integral
formulation. Any term may be added to (2.16) whose integral around a
closed path is zero. That is, any conservative field could be added to
(2.16). The gradient of any scalar field always yields a conservative field,
and we could therefore add a term VG to (2.16), where G is a general
scalar field, without changing (2.21) in the slightest. This qualification on
(2.16) or (2.17) is mentioned to show that if we later ask some foolish
questions, not subject to any experimental check, concerning the force
exerted by one differential current element on another, we should expect
foolish answers.

The Biot-Savart law may also be expressed in terms of distributed
sources, such as current density J and surface current density K. Surface
current flows in a sheet of vanishingly small thickness, and the current
density J, measured in amperes per square meter, is therefore infinite.
Surface current density, however, is measured in amperes per meter width
and designated by K. If the surface current density is uniform, the total
current | in any width b is

| =Kb (2.23)

where we have assumed that the width b is measured
perpendicularly to the direction in which the current is flowing. The
geometry is illustrated by Fig (2.4). For a no uniform surface current
density, integration is necessary:

I = f KdN (2.24)
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where dN is a differential element of the path across which the
current is flowing. Thus the differential current element | dL, where dL is
in the direction of the current, may be expressed in terms of surface
current density K or current density J,

ldL=KdS=Jdv (2.25)
and alternate forms of the Biot-Savart law obtained «

f K X aRdS
H =
" 4mR%

K
5 o i
A P

~

I

(2.26)

Fig. 2.4 The total current | within a transverse width b, in which there is a
uniform surface current density K, is Kb.[10]
and

H = f J X apdv (2.27)
vor 4MR?

We may illustrate the application of the Biot-Savart law by
considering an infinitely long straight filament. We shall apply (2.16) first
and then integrate. This, of course, is the same as using the integral form
(2.17) in the first place.[10]

Referring to Fig (2.5), we should recognize the symmetry of this
field. No variation with z or with @ can exist. Point 2, at which we shall
determine the field, is therefore chosen in the z=0 plane. The field point r

is therefore r = pa. The source point r' is given by r' = z'az, and therefore
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R,=r—r =pa,—za, (2.28)

so the
a,—za
aRy, = Pl — 2% (2.29)
JZ+z2
We take dL = dz'az and (1.3) becomes
ldz'a, X (pa, — z'a
dH, = - % (pg, 2) (2.30)

At(p? + z'2)3/2
Since the current is directed toward increasing values of Z', the
limits are - integral, and we have

3 J“ ldz a, X (pap — Z‘az) 1 j“ pdzay
2 ). 4an(p? +22)3/2 At )_ . (p? + 2°2)3/2

(2.31)

At this point the unit vector a, under the integral sign should be
investigated, for it is not always a constant, as are the unit vectors of the
rectangular coordinate system. A vector is constant when its magnitude
and direction are both constant. The unit vector lllustrations certainly has
constant magnitude, but its direction may change. Here ap changes with
the coordinate @ but not with p or z. Fortunately, the integration here is
with respect to z', and a is

z

(Point 1) 4L

Free space

RN =
pa, (Point 2) #

Fig. 2.5 An infinitely long straight filament carrying a direct current I. The field

atpoint 2is H = ( )a¢[10].

I
2mp
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a constant and may be removed from under the integral sign,

g, =P (C__d7 _ _lpds  Z X (232
am J_ (p?+2%)32 4n p2Jp* +72!—%
and
H, = ——aj (2.33)
2TTp

The magnitude of the field is not a function of or (2.3), and it
varies inversely with the distance from the filament. The direction of the
magnetic-field-intensity vector is circumferential. The streamlines are
therefore circles about the filament, and the field may be mapped in cross

section as in Fig (2.6).

e ———

T ot

Fig. 2.6 The streamlines of the magnetic field intensity about an infinitely

long straight filament carrying adirect current 1.[10]

The separation of the streamlines is proportional to the radius, or
inversely proportional to the magnitude of H. To be specific, the
streamlines have been drawn with curvilinear squares in mind. As yet we
have no name for the family of lines[10] which are perpendicular to these
circular streamlines, but the spacing of the streamlines has been adjusted
so that addition of this second set of lines will produce an array of

curvilinear squares.
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A comparison of Fig (2.7) with the map of the electric field about
an infinite line charge shows that the streamlines of the magnetic field
correspond exactly to the equipotential of the electric field, and the
unnamed (and undrawn) perpendicular family of lines in the magnetic
field corresponds to the streamlines of the electric field. This
correspondence in not an accident, but there are several other concepts
which must be mastered before the analogy between electric and
magnetic fields can be explored more thoroughly.

z
A

i p ~ = ® Point 2
y 4
>

Fig 2.7 The magnetic field intensity caused by a finite-length current filament on
the z axis is (I/4mp) (sin a, — sin a,)a@[10]

Using the Biot-Savart law to find H is in many respects similar to
the use of coulomb’s law to find E. Each requires the determination of a
moderately complicated integrand containing vector quantities, followed
by an integration. When we were concerned with Coulomb’s law we
solved as number of examples, including the fields of the point charge,
line charge, and sheet of charge. The law of Biot-Savart can be used to
solve analogous problems in magnetic fields, and some of these problems
now appear as exercises at the end of the chapter rather than as examples
here.
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One useful result is the field of the finite-length current element,

shown in Fig (2.7)

H= 4;—10 (sin a, — sin a;)ad (2.34)
If one or both ends are below point 2, then a4, or both a; and a,,
are negative.
Equation (2.34) may be used to find the magnetic field intensity
caused by current filaments arranged as a sequence of straight-line

segments.

2.4- AMPERE'S CIRCUITAL LAW:

After solving a number of simple electrostatic problems with
Coulomb’s law, we found that the same problems could be solved much
more easily by using Gauss's law whenever high degree of symmetry was
present. Again, an analogous procedure exists in magnetic fields. Here,
the law that helps us solve problems more easily is known as Ampere's
circuital law, sometimes called Ampere’s work law. This law may may
be derived from the Biot-Savart law, For the present we might agree to
accept Ampere's circuital[10] law temporarily as another law capable of
experimental proof. As is the case with Gauss's law, its use will also
require careful consideration of the symmetry of the problem to
determine which variables and components are present[10].

Ampere’s circuital law states that the line integral of H about any
closed path is exactly equal to the direct current enclosed by that path,

7§H. dL =1 (2.35)

We define positive current as flowing in the direction of advance of
a right-handed screw turned in the direction in which the closed path is

traversed.
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Referring to Fig (2.8), which shows a circular wire carrying a
direct current I, the line integral of H about the closed paths lettered a and
b results in an answer of I; the integral about the closed path ¢ which
passes through the conductor gives an answer less than | and is exactly
that portion of the total current which is enclosed by the path c. Although
paths a and b give the same answer, the integrands are, of course,
different. The line integral directs us to multiply the component of H in
the direction of the path by a small increment of path length at one point
of the path, move along the path to the next incremental length, and
repeat the process, continuing until the path is completely traversed.
Since H will generally vary from point to point, and since paths a and b
are not alike, the contributions to the integral made by, say, each
micrometer of path length are quite different. Only the final answers are
the same.

we shall use to represent the closed path. Some strange and
formidable paths can be constructed by twisting and knotting the rubber
band, but if neither the rubber band nor the conducting circuit is broken,
the current enclosed by the path is that carried by the conductor. Now let
us replace the rubber band by a circular ring of spring steel across which
is stretched a rubber sheet. The steel loop forms the closed path, and the
current-carrying conductor must pierce the rubber sheet if the current is to
be enclosed by the path. Again, we may twist the steel loop, and we may
also deform the rubber sheet by pushing our fist into it or folding it in any
way we wish. A single current-carrying conductor still pierces the sheet
once, and this is the true measure of the current enclosed by the path. If
we should thread the conductor once through the sheet from front to back
and once from back to front, the total current enclosed by the path is the
algebraic sum, which is zero[10].
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Fig. 2.8 A conductor has a total current 1. The line integral of H about the closed
paths a and b is equal to I, and the integral around path c is less than I, [10]

In more general language, given a closed path, we recognize this
path as the perimeter of an infinite number of surfaces (not closed
surfaces). Any current-carrying conductor enclosed by the path must pass
through every one of these surfaces once. Certainly some of the surfaces
may be chosen in such a way that the conductor pierces them twice in one
direction and once in the other direction, but the algebraic total current is
still the same.

The nature of the closed path is usually extremely simple and can
be drawn on a plane. The simplest surface is, then, that portion of the
plane enclosed by the path. We need merely find the total current passing
through this region of the plane.

The application of Gauss's law involves finding the total charge
enclosed by a closed surface; the application of Ampeére's circuital law
involves finding the total current enclosed by a closed path.

Let us again find the magnetic field intensity produced by an
infinitely long filament carrying a current I. The filament lies on the z
axis in free space (as in Fig (2.5), and the current flows in the direction
given by az. Symmetry inspection comes first, showing that there is no
variation with z or 0. Next we determine which components of H are
present by using the Biot-Savart law. Without specifically using the cross
product, we may say that the direction of dH is perpendicular to the plane
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containing dL and R and therefore is in the direction of ap. Hence the
only component of His Ho, and it is a function only of p.

We therefore choose a path to any section of which H is either
perpendicular or tangential and along which H is constant. The first
requirement (perpendicularity or tangency) allows us to replace

Fig. 2.9 (a) Cross section of a coaxial cable carrying a uniformly distributed
current 1 in the inner conductor and -1 in the outer conductor.. (b) Current
filaments at p = p,,® = £@,, produces H ,, components which cancel. For the

total field, H = H,ap[10].

the dot product of Ampeére's circuital law with the product of the
scalar magnitudes, except along that portion of the path where H is
normal to the path and the dot product is zero; the second requirement
(constancy) then permits us to remove the magnetic field intensity from
the integral sign. The integration required is usually trivial and consists of
finding the length of that portion of the path to which H is parallel.

In our example the path must be a circle of radius p, and Ampeére's
circuital law becomes

2T 21
3€H. dL = f Hypd® = Hyp dp = Hy2mp =1 (2.36)
0 0
or
Hy = ! (2.37)
° 7 2mp '
as before.
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As a second example of the application of Ampere's circuital law,
consider an infinitely long coaxial transmission line carrying a uniformly
distributed total current | in the center conductor and -1 in the outer
conductor. The line is shown in Fig (2.9a). Symmetry shows that H is not
a function of @ or z. In order to determine the components present, we
may use the results of the previous example by considering the solid
conductors as being composed of a large number of filaments. No
filament has a z component of H. Furthermore, the H,, component
produced by @ = 0°, produced by one filament located at p = p,;,®, is
canceled by the H,, component produced by a symmetrically located
filament at p = p;,® = —@,. This symmetry is illustrated by Figure 2.9b.
Again we find only an Hy component which varies with p.

A circular path of radius p, where p is larger than the radius of the
inner conductor but less than the inner radius of the outer conductor, then

leads immediately to

I
Hy =—— <p<b 2.38
°= 2mp (a<p<b) (2.38)

If we choose p smaller than the radius of the inner conductor, the

current enclosed is

lonet = 1— (2.39)

and

(2.40)

or

Hy = =2 (p < a) (2.41)

2ma?

If the radius p is larger than the outer radius of the outer conductor,

no current is enclosed and
Hy=0(p>a) (2.42)
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Finally, if the path lies within the outer conductor, we have

,02 _ bZ
2npHy =1—1 <cz — b2> (2.43)
I c¢*—p?

Hy :%CZ—IDZ (b<p<c) (2.44)

The magnetic-field-strength variation with radius is shown in
Figure 2.10 for a coaxial cable in which b= 3a, ¢ = 4a. It should be noted
that the magnetic field intensity H is continuous at all the conductor
boundaries. In other words, a slight increase in the radius of the closed
path does not result in the enclosure of a tremendously different current.
The value of Ho shows no sudden jumps.

The external field is zero. This, we see, results from equal positive
and negative currents enclosed by the path. Each produces an external
field of magnitude 1/2np, but complete cancellation occurs Fig 2.10.

This is another example of "shielding”; such a coaxial cable
carrying large currents would not produce any noticeable effect in an
adjacent circuit[10].

As a final example, let us consider a sheet of current flowing in the
positive y direction and located in the z = 0 plane. We may think of the
return current as equally divided between two

1
27a
I 3a
=4 AT | e
0 —
0 2a 3a=b da=rc

Fig. 2.10 The magnetic field intensity as a function of radius in an infinitely long
coaxial transmission line with the dimensions [10].
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distant sheets on either side of the sheet we are considering. A
sheet of uniform surface current density K = Kyay is shown in Fig 2.11.
H cannot vary with x or y. If the sheet is subdivided into a number of
filaments, it is evident that no filament can produce an Hy component.
Moreover, the Biot-Savart law shows that the contributions to H,
produced by a symmetrically located pair of filaments cancel. Thus, H, is
zero also; only an He component is present. We therefore choose the path
1-1'-2-2-1 composed of straight-line segments which are either parallel or
perpendicular to Hr. Ampére's circuital law gives

Hy L+ Hyp (L) = K L (2.45)
or
Hy—Hy, =K, (2.46)
If the path 3-3-2-2-3 is now chosen, the same current is enclosed, and
Hy—Hy, =K, (2.47)
and therefore
Hys =Hy (2.48)

It follows that He is the same for all positive z. Similarly, Hx is the
same for all negative z. Because of the symmetry, then, the magnetic field
intensity on one side of the current sheet is the negative of that on the
other. Above the sheet,

1
H, = EKV (z>0) (2.49)
while below it
1
Hx = —EKy (Z < 0) (250)

Letting an be a unit vector normal (outward) to the current sheet,

the result may be written in a form correct for all z as

1
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If a second sheet of current flowing in the opposite direction,
K=-K, a,, is placed at z = h, (2.13) shows that the field in the region
between the current sheets is

H=K Xay(0<z<h) (2.52)

e N

Koo )

|
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y

Fig. 2.11 Auniform sheet of surface current K = K a,, inthe z=0 plane. H

may be found by applying Ampeére's circuital law about the paths 1-1-2-2-
1 and 3-3" 2'-2-3[10].
and is zero elsewhere,

H=0(z<0,z>h) (2.53)

The most difficult part of the application of Ampere's circuital law
IS the determination of the components of the field which are present. The
surest method is the logical application of the Biot-Savart law and a
knowledge of the magnetic fields of simple form. outlines the steps
involved in applying Ampere's circuital law to an infinitely long solenoid
of radius a and uniform current density Kaag, as shown in Fig (2.12a).
For reference, the result is
H=K,a, (p<a) (2.54)
H=0 (p>a) (2.55)
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(well inside coil)

(@ ®)

Fig. 2.12 (a) An ideal solenoid of infinite length with a circular current sheet
K = K,a,. (b) An N-tum solenoid of finite length d.[10]

If the solenoid has a finite length d and consists of N closely
wound turns of a filament that carries a current | (Fig 2.12b), then the
field at points well within the solenoid is given closely

by

NI - .
H = 7 a, (Well within the solenoid) (2.56)

The approximation is useful it if is not applied closer than two radii
to the open ends, nor closer to the solenoid surface than twice the

separation between turns.

shown in Fig (2.13), it can be shown that the magnetic field

intensity for the ideal case, Fig 2.13a, is

Po —a

H=K, ay (inside toroid) (2.57)

H=0 (outside) (2.58)
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K=K,a,atp=p,—a,z=0

NI
H= 2mp 39 (well inside toroid)

H=k £ Op_a a,, (inside toroid)

H=0 (outside)
(@) (b)

Fig. 2.13 (a) An ideal toroid carrying a surface current K in the direction shown.
(6) An N-turn toroid carrying a filamentary current 1[10].

For the N-turn toroid of Fig 2.13b, we have the good approximations,

H= NI (inside toroid) 2.59
—anaq, inside toroi (2.59)

H=0 (outside)

as long as we consider points removed from the toroidal surface by
several times the separation between turns.

2.5- MAGNETIC FLUX AND MAGNETIC FLUX DENSITY

In free space, let us define the magnetic flux density B as

B =u,H (free space only) (2.60)

where B is measured in webers per square meter (Wb/m?) or in a
newer unit adopted in the International System of Units, tesla (T). An
older unit that is often used for magnetic flux density is the gauss (G),
where 1 T or 1Wb/m? is the same as 10000 G. The constant p, is not
dimensionless and has the defined value for space, in henrys per meter
(H/m), of

Uo =4 X 1077 H/m (2.61)

The name given to u, is the permeability of free space.
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We should note that since H is measured in amperes per meter, the
weber is dimensionally equal to the product of henry and amperes.
Considering the henry as a new unit, the weber is merely a convenient
abbreviation for the product of henrys and amperes. When time-varying
fields are introduced, it will be shown that a weber is also equivalent to
the product of volts and seconds.

The magnetic-flux-density vector B, as the name weber per square
meter implies, is a member of the flux-density family of vector fields.
One of the possible analogies between electric and magnetic fields[10]
compares the laws of Biot-Savart and Coulomb, thus establishing an
analogy between H and E. The relations B = y, Hand D = ¢, E then lead
to an analogy between b and D. If B is measured in teslas or webers per
square meter, then magnetic flux should be measured in webers. Let us
represent magnetic flux by & and define @ as the flux passing through
any designated area,

® = j B.dS Wb (2.62)
S

Our analogy should now remind us of the electric flux ¥, measured
in coulombs, and of Gauss's law, which states that the total flux passing
through any closed surface is equal to the charge enclosed,

tp:j D.dS=0Q (2.63)
S

The charge Q is the source of the lines of electric flux and these
lines begin and terminate on positive and negative charge, respectively.

No such source has ever been discovered for the lines of magnetic
flux. In the example of the infinitely long straight filament carrying a
direct current I, the H field formed concentric circles about the filament.
Since B = u, H, the B field is of the same form. The magnetic flux lines
are closed and do not terminate on a "magnetic charge". For this reason
Gauss's law for the magnetic field is
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f B.dS =0 (2.64)

and application of the divergence theorem shows us that
V.B=0 (2.65)

We have not proved (2.64) or (2.65) but have only suggested the
truth of these statements by considering the single field of the infinite
filament. It is possible to show that (2.64) or (2.65) follows from the
Biot-Savart law and the definition of B, B = u, H

Equation (2.65) is the last of Maxwell's four equations as they
apply to static electric fields and steady magnetic fields. Collecting these
equations, we then for static electric fields and steady magnetic fields.

V.D =p,
VXE=0
VxH=]
V.B=0
To these equations we may add the two expressions relating D to E

(2.66)

and B to H in free space,

D=¢,E (2.67)
B=u,H (2.68)

We have also found it helpful to define an electrostatic potential,
E=-VV (2.69)

and we shall discuss a potential for the steady magnetic field in the
following section. In addition, we have extended our coverage of electric
fields to include conducting materials and dielectrics, and we have
introduced the polarization P. A similar treatment will be applied to
magnetic fields in the next chapter.

Returning to (2.66), it may be noted that these four equations
specify the divergence and curl of an electric and a magnetic field. The
corresponding set of four integral equations that apply to static electric
fields and steady magnetic fields is
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D.dS=Q=| p,dv (2.70)
f J

7EE. dL =0 : (2.71)
fH. dL =1 =f J.ds (2.72)

S
3@ B.dS=0 (2.73)

Our study of electric and magnetic fields would have been much
simpler if we could have begun with either set of equations, (2.66) or
(2.71). With a good knowledge of vector analysis, such as we should now
have, either set may be readily obtained from the other by applying the
divergence theorem or Stokes™ theorem. The various experimental laws
can be obtained easily from these equations.

As an example of the use of flux and flux density in magnetic
fields, let find the flux between the conductors of the coaxial line of fig

(2.9a). The magnetic field intensity was found to be

I
H; =—— b 2.74
0= 2 (a<p<b) (2.74)

and therefore
The magnetic flux continued between the conductors in a length d
is the flux crossing any radial plane extending from p = a to p = b and

from, say,z=0toz=d

d b ‘uOI
() =j B.dS =J f —a@.d dzaq) (2.75)
s s g 2mp T F
Kol b
b=—1In— 2.76
2T na ( )

This expression will be used later to obtain the inductance of the

coaxial transmission line.
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2.6- FARADY'S LAW:

After Oersted [9]. demonstrated in 1820 that an electric current
affected a compass needle, faraday professed his belief that if a current
could produce a magnetic field, then a magnetic field should be able to
produce a current. The concept of the "field" was not available at that
time, and Faraday's goal was to show that a current could be produced by
"magnetism".

He worked on this problem intermittently over a period of 10
years, until he was finally successful in 1831[10] He wound two separate
on an iron toroid and placed a galvanometer in one circuit and a battery in
the other. Upon closing the battery circuit, he noted a momentary
deflection of the galvanometer; a similar deflection in the opposite
direction occurred when the battery was disconnected. This, of course,
was the first experiment he made involving a changing magnetic field,
and he followed it with a demonstration that either a moving magnetic
field or a moving coil could also produce a galvanometer deflection[10].

In terms of fields, we now say that a time-varying magnetic field
produces an electromotive force (emf) which may establish a current in a
suitable circuit. An electromotive force is merely a voltage that arises
from conductors moving in a magnetic field or from changing magnetic
fields, and we shall define it in this section. Faraday's law is customarily
stated as.

emf :EV (2.77)

Equation (2.77) implies a closed path, although not necessarily a
closed conducting path; the closed path, for example, might include a
capacitor, or it might be a purely imaginary line in space. The magnetic
flux is that flux which passes through any and every surface whose
perimeter is the closed path, and d® / dt is the time rate of change of this

flux.
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A nonzero value of d® / dt may result from any of the following
situations:

1- A time-changing flux linking a stationary closed path.
2- Relative motion between a steady flux and a closed path.
3- A combination of the two.

The minus sing is an indication that the emf is in such a direction
as to produce a current whose flux, if added to the original flux, would
reduce the magnitude of the emf. This statement that the induced voltage
acts to produce an opposing flux is known as Lenz's law.[10]

If the closed path is that taken by an N-turn filamentary conductor,

it is often sufficiently accurate to consider the turns as coincident and let

emf = NE (2.78)

Where @ is now interpreted as the flux passing through any one of
N coincident paths.

We need to define emf as used in (2.77) or (2.78). The emf is
obviously a scalar, and (perhaps not so obviously) a dimensional check

shows shows that it is measured in volts. We define the emf as
emf = jLE.dL (2.79)

and note that it is the voltage about a specific closed path. If any part of
the path is changed, generally the emf changes. The departure from static
results is clearly shown by (2.79), for an electric field intensity resulting
from a static charge distribution must lead to zero positional difference
about a closed path. In electrostatics, the line integral leads to a potential
difference; with time-varying fields, the result is an emf or a voltage.

Replacing @ in (2.77) with the surface integral of B, we have

emf = 3@5 dL = —— B.dS (2.80)
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2.7- Maxwell's Equations In Point Form .

already obtained two of Maxwell's equations for time-varying fields,

VXE = 0B (2.81)
at
and
VxH=]+a—D (2.82)
at
The remaining two equations are unchanged from their non-time-
varying form :
V.D = pv (2.83)
V.B=0 (2.84)

Equation (2.83) essentially states that charge density is a source (or
sink) of electric flux lines. Note that we can no longer say that all electric
flux begins and terminates on charge, because the point form of Faraday's
law (2.81) shows that E, and hence D, may have circulation if a changing
magnetic field is present. Thus the lines of electric flux may form closed
loops. However, the converse is still true, and every coulomb of charge
must have one coulomb of electric flux diverging from it.

Equation (2.84) again acknowledges the fact that “magnetic
charges,” or poles, are not known to exist. Magnetic flux is always found
in closed loops and never diverges from a point source.

These four equations form the basis of all electromagnetic theory.
They are partial differential equations and relate the electric and magnetic
fields to each other and to their sources, charge and current density. The
auxiliary equations relating D and E,

D =¢€E (2.85)
relating B and H,
B = uH (2.86)
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defining conduction current density,

J=0F (2.87)
and defining convection current density in terms of the volume charge
density pv,

J=p,v (2.88)

are also required to define and relate the quantities appearing in
Maxwell's equations.

The potentials VV and A have not been included because they are
not strictly necessary, although they are extremely useful. They will be
discussed at the end of this chapter.

If we do not have "nice" materials to work with, then we should
replace (2.85) and (2.86) with the relationships involving the polarization

and magnetization fields,

D =€c0E+P (2.89)
B=u0(H+ M) (2.90)
For linear materials we may relate P to E
P=X,,E (2.91)
and M to H
M=X,H (2.92)

Finally, because of its fundamental importance we should include
the Lorentz force equation, written in point form as the force per unit
volume,

F = pv(E +Vv X B) (2.93)

2.8- MAXWELL'S EQUATIONS IN INTEGRAL FORM

The integral forms of Maxwell's equations are usually easier to
recognize in terms of the experimental laws from which they have been
obtained by a generalization process. Experiments must treat physical

macroscopic quantities, and their results therefore are expressed in terms
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of relationships. A differential equation always represents a theory. Let us
now collect the integral forms of Maxwell's equations.
Integrating (2.81) over a surface and applying Stokes' theorem, we

obtain Faraday's law,

OB
fE.dL:—f —.dS (2.94)
. ot

and the same process applied to (2.82) yields Ampére's circuital law,

oD
'(#H.dL=1+f —.ds (2.95)
Y

Gauss's laws for the electric and magnetic fields are obtained by
integrating (2.83) and (2.84) throughout a wvolume and using the

divergence theorem:

jg D.dS=j P,V (2.96)
S vol

jﬂ B.dS=0 (2.97)

These four integral equations enable us to find the boundary
conditions on B, D, H, and E which are necessary to evaluate the
constants obtained in solving Maxwell's equations in partial differential
form. These boundary conditions are in general unchanged from their
forms for static or steady fields, and the same methods may be used to
obtain them. Between any two real physical media (where K must be zero
on the boundary surface), (2.94) enables us to relate the tangential E-field

components,

E., =E, (2.98)
and from (2.45),

H,, = H,, (2.99)

The surface integrals produce the boundary conditions on the

normal components,
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Dy, — Dy, = PS (2.100)
and
By, = By, (2.101)

It is often desirable to idealize a physical problem by assuming a
perfect conductor for which o is infinite but J is finite. From Ohm's law,
then, in a perfect conductor,

E=0
and it follows from the point form of Faraday's law that
H=0

for time-varying fields. The point form of Ampere's circuital law

then shows that the finite value of J is
J=0

and current must be carried on the conductor surface as a surface
current K. Thus, if region 2 is a perfect conductor, (2.98) to (2.101)
become, respectively,

E =0 (2.102)

H,=K (H,, = K x ay) (2.103)

Dy1 = ps (2.104)
By, =0 (2.105)

where an is an outward normal at the conductor surface.

Note that surface charge density is considered a physical possibility
for either dielectrics, perfect conductors, or imperfect conductors, but that
surface current density is assumed only in conjunction with perfect
conductors.

The preceding boundary conditions are a very necessary part of
Maxwell's equations. All real physical problems have boundaries and
require the solution of Maxwell's equations in two or more regions and
the matching of these solutions at the boundaries. In the case of perfect
conductors, the solution of the equations within the conductor is trivial
(all time-varying fields are zero), but the application of the boundary
conditions (2.102) to (2.105) may be very difficult[10].
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Chapter 3
Performance Of High-voltage power

Transmission lines
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3- The Libyan Electricity Network:

General Electric Company Of Libya (GECOL) is a state-owned
power utility responsible for generation, transmission and distribution of
electric power throughout Libya and it is the only supplier of electricity in
the country.

The data related to the peak generation and distribution circuits
lengths as listed in GECOL Site. The 400KV power lines, network
extended through Libyan land for more than 2,823km .The next map
Fig(3. 1) shows the 400KV lines which are in operation (red color) and

which under Construction (blue color).

=== Lines in Operation
s Lines Under Construction
mmms  Lines Contracted

Ultra-high voltage (400kv) netwerk
Fig (3.1) Libyan high voltage coverage[GECOL]

3.1 Electric field of the High voltage Transmission line.

The electric field created by a high-voltage transmission line,
extends from the energized conductors to other conducting objects such
as the ground, towers, vegetation, buildings, vehicles, and people. The
calculated strength of the electric field at a height of 3.28 ft. (1 m) above
an vegetated, flat earth is frequently used to describe the electric field
under straight, parallel transmission lines. The most important
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transmission-line parameters that determine the electric field at a 1-m
height are conductor height above ground and line voltage.

Calculations of electric fields from transmission lines are
performed with computer programs based on well-known physical
principles[11]. The calculated values under these conditions represent an
ideal situation. When practical conditions approach this ideal model
measurements and calculations agree. Often, however, conditions are far
from ideal because of variable terrain and vegetation. In these cases,
fields are calculated for ideal conditions, with the lowest conductor
clearances to provide upper bombs on the electric field under the
transmission lines. With the use of more complex models or empirical
results, it is also possible to account accurately for variations in conductor
height, topography, and changes in line direction. Because the fields from
different sources add vector ally, it is possible to compute the fields from
several different lines if the electrical and geometrical properties of the
lines are known. However, in general, electric fields near transmission
lines with vegetation below are highly complex and carrot be calculated.
Measured fields in such situations are highly variable.

For evaluation of EMF from transmission lines, the fields must be
calculated for a specific line condition. The NESC states the condition for
evaluating electric-field-induced short-circuit current for lines with
voltage above 98 kV, line-to-ground, as follows: conductors are at a
minimum clearance from grated corresponding to a conductor
temperature of 122°F (50°C), and at a maximum voltage[12]. Echini's has
supplied the information for calculating electric and magnetic fields from
the proposed transmission line: the maximum operating voltage, the
estimated peak currents, and the minimum conductor clearances.

There are standard techniques for measuring transmission-line

electric fields[43]. Provided that the conditions at a measurement site
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closely approximate those of the ideal side for calculations,
measurements of electric fields agree well with the calculated values. If
the ideal conditions are not approximated, the measured field can diver
substantially from calculated values. Usually, the actual electric field at
ground level is reduced from the calculated values by various common
objects that act as shields.

Maximum or peak field values occur over a small area at midspan,
where conductors are closest to the ground. As the location of an electric-
field profile approaches a tower, the conductor clearance increases, and
the peak field decreases. A grounded tower will reduce the electric field
considerably, by shielding.

For traditional transmission lines, such as the proposed line, where
the right-of-way extends laterally well beyond the conductors, electric
fields at the edge of the right-of-way are not as sensitive as the peak field
to conductor height. Computed values at the edge of the right-of-way for
any line height are fairly representative of what can be expected all along
the transmission-line corridor. However, the presence of vegetation on
and at the edge of the right-of-way will reduce actual electric-field levels
below calculated values.

The ma etic field generated by currents on transmission-line
conductors extends from the conductors through the air and into the
ground. The magnitude of the field at a height of 3.28 ft. (I m) is
frequently used to describe the magnetic field under transmission lines.
Because the magnetic field is not affected by non-ferrous materials, the
field is not influenced by normal objects on the ground under the line. The
direction of the maximum field varies with location. (The electric field,
by contrast, is essentially vertical near the ground.) The most important
transmission-line parameters that determine the magnetic field at 3.28 ft.

(1 m) height are conductor height above ground and magnitude of the
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currents flowing in the conductors. As distance from the transmission-line
conductors increases, the magnetic field decreases.

Calculations of magnetic fields from transmission lines are
performed using well-known physical principles[11]. The calculated
values usually represent the ideal straight parallel-conductor
configuration. For simplicity, a flat earth is usually assumed. Balanced
currents) currents of the same magnitude for each phase) are also
assumed. This is usually valid for transmission lines, where loads on all
three phases are maintained in balance during operation. Induced image
currents in the earth are usually ignored for calculations of magnetic field
under or near the right-of-way. The resulting error is negligible. Only at
distances greater than 300 ft. (91 m) from a line do such contributions
become significant[11]. The clearance for magnetic-field calculations for
the proposed line was the same as that used for electric-field evaluations.

Standard techniques for measuring magnetic fields near
transmission lines are described in ANSI IEEE Standard No. 644-
1994[13]. Measured magnetic fields agree well with calculated values,
provided the currents and line heights that go into the calculation
correspond to the actual values for the line. To realize such agreement, it
1S necessary to get accurate current readings during field measurements
(because currents on transmission lines can vary considerably over short
periods of time) and also to account for all field sources in the vicinity of
the measurements.

As with electric fields, the maximum or peak magnetic fields occur
in areas near the centerline and at misspent where the conductors are the
lowest. The magnetic field at the edge of the right-of-way is not very
dependent on line height. For a double-circuit line or if more than one
line is present, the peak field will depend on the relative electrical phasing

of the conductors and the direction of power flow.
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3.2 Types of Overhead transmission line conductor:

In early days copper Cu conductors was used for transmitting
energy in stranded hard drawn form to increase tensile strength. But now
it has been replaced by aluminum 'Al' due to following reasons:

1. It has lesser cost than copper.

2. It offers larger diameter for same amount of current which reduces
corona.

Corona is ionization of air due to higher voltage (usually voltage
above critical voltage which causes violet light around the conductor and
hissing sound. It also produces ozone gas therefore it is undesirable
condition).

Aluminum also has some disadvantages over copper i.e.

1. It has lesser conductivity.

2. It has larger diameter which increase surface area to air pressure
thus it swings more in air than copper so larger cross arms required
which increases the cost.

3. It has lesser tensile strength ultimately larger sag.

4. It has lesser specific gravity (2.71gm/cc) than copper (8.9gm/cc).

Due to lower tensile strength aluminum is used with some other

materials or its alloys[14].

TAB.3.1 Resistivity and Temperature Coefficient of Some Conductors [14]

Material Resistivity at 20°C ({2-m) Temperature Coefficient (°C)
Silver 1.59 x10°* 243.0
Annealed copper 1.72 x107# 234.5
Hard-drawn copper 1.77 x107° 5
Aluminum 283 x10°" 228.1
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A
AAAC conductor

Fig (3.2) AAAC (All Aluminum Alloy Conductor)[14]

| - It has same construction as AAC except the alloy.

Il -1ts strength is equal to ACSR but due to absence of steel is light in
weight.

Il - The presence of formation of alloy makes it expensive.

IV - Due to stronger tensile strength than AAC, it is used for longer
spans.

V -t can be used in distribution level, i.e. river crossing.

VI - It has lesser sag than AAC.

VII - The difference between ACSR and AAAC is the weight. Being
lighter in weight, it is used in transmission and sub-transmission
where lighter support structure is required such as mountains, swamps
etc .[15] Fig (3.2).

3.3 Types of transmission lines:

Based on number of phases (R.Y.B) used:

1. Sigel circuit transmission lines.
2. Double circuit transmission lines.
3. Multi circuit.

3.3.1 Single Circuit Transmission Lines

These type of Transmission lines have only one set of RYB. These

are used shorter distance Transmission because of the following reasons:

1. These transmit less power when compared to other types of

transmission lines.
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2. This type is not suitable for long distance transmission because if
the load increases then a transmission line parallel to this has to be
constructed which increases the cost of construction.

In single circuit transmission line system, electrical power is
transmitted over a group of conductors constituting the 3-phase sequence
of the total or part of the power generated. Each group of conductors may
be made up of a single conductor or more bundled conductors arranged in
a technical way. Two, three, and four bundled conductor per phase are
widely used in one way or another as shown in fig (3.3). In the case of
single circuit transmission line systems, the phases are usually configured
horizontally or in a triangular configuration. The supporting tower is
usually designed with a configuration convenient to support the
conductors. More flexibility and space are available on the tower in the
case of single circuit to construct the best configuration. Anther wire,
sometimes two, is used for earthling with the single circuit transmission
system. A single circuit transmission line system is usually used in case
of extra high voltages where large insulation spacing between phases is
required as well between conductors and the support structures.

S ]
sy ' L & —9
NS & —
(k)

icl

()

Fig (3.3): Bundled conductors, (a) two bundled conductors, (b) three bundled
conductors, (c) Four bundled conductors. [16]
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A 400kV single circuit 3-phase typical line configuration
constructed in Libya is shown in Fig (3-4), with the phasing arrangement
confirmed from the substation side.[16]

0o
LI

Fig (3.4): Typical 400kv single circuit line configuration using bundled
conductors and two earth wires (cross-sectional view).[16]

3.3.2 Double Circuit 3-Phase Transmission Lines

These types of transmission lines have two sets of RST for more
power transmission, The following are the advantages of double circuit
transmission lines,

1. These carry twice the amount of power than the single circuit
transmission lines.

2. The constriction cost is reduced when compared to the single
circuit transmission lines.

3. The right of way is reduced when compared to the single circuit
transmission.

For larger amounts of power or in case of a part load centers,
double circuits can be used to transmit power instead of single circuit
system. Two single circuits on each side of a transmission tower can be
supported with enough spacing between them. A common ear thing wire
can be used for protection. The two single circuits supported by the single
tower are called double circuits. The two circuits may supply the same
load center or at some point they may separate to supply different load
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center. The line configuration of the two circuits is usually vertical on
either tower sides.

A 400kV typical line configuration for double circuit system is
shown in Fig (3.5) [16].

The magnetic field analysis will be discussed later for the single

and double circuits described above.

-4
-

cirenit (1) circuir {2)

L]
), >
A
=
L]

Fig (3.5): Typical 400kv double circuit line configuration using triangular
bundled conductors and single earth wire (cross-sectional).[16]

3.3.3 Multi-Circuits 3-Phase Transmission Lines:

These type transmission lines have more than 2sets of RST. These
are helpful at the generation and where large amounts of power has to
distributed between substations for the power distribution to the end
consumer.

When compared to other types of transmission lines the following
are a drainages of the lines:

1. The construction cost is greatly reduced.
2. The power transmitted is more also reliable.
3. Row decreases.

In multi-circuit systems, the span is constituted from more than two
circuits that may be charged with the same voltage or may have different
voltages. The line configuration of these circuits and the spacing between

them is a design issue that has to take into consideration the line voltages
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and the maximum load for each circuit. No such system exists in
Libya.[16]

3.4 Transmission line Models:
3.4.1 The Short Transmission Line:

The equivalent circuit of a short transmission line is shown in
Fig.(3.6), w here Is and I; are the sending- and receiving-end currents,
respectively, and Vs and Vi are the sending- and receiving-end line-to-
neutral voltages. The circuit is solved as a simple series ac circuit. So,

I=lg (3.1)
Vs=VgrtlrZ (3.2)

where Z is zl, the total series impedance of the line .The effect of
the variation of t h e power factor of t h e load ont h e voltage regulation
of a line is most easily understood for the short line and therefore will be
considered at this time. Voltage regulation of a transmission line is the
rise in voltage at the receiving end, expressed in percent of full-load
voltage, when full load at a specified power factor is removed while the

sending-end
is Ig
= Z=R+jwL A
_’;{ AN ——TTTE o
Gen. Vs Ve Load ‘

Fig (3.6) Equivalent circuit of a short transmission line where the resistance R

and inductance L are values for the entire length of the line [16]
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(@) Load p. f. =70 % lag (b)Loadp. f. =100 % (c) Load p. f. =70 %lead

Fig (3.7) Phasor diagrams of a short transmission line . All diagrams are drawn

for the same magnitudes of Igr and Vg " [16]

Percent regulation= WVenel=Werl o q 0 (3.3)
[Vr.FLI

where [Vr | IS the magnitude of receiving-end voltage at no load
and [Vre| is the magnitude of receiving-end voltage at full load with | Vs
| constant . After the load on a short transmission line , represented by the
circuit of Fig.(3.6), is removed, the voltage a t the receiving end is equal
to the voltage at the sending end . In Fig.(3.6), with the load connected ,
the receiving-end voltage is designated by VR , and | VR |=|VRg_|. The
sending-end voltage is Vs ; and | Vs | = | VR.y. |. The phasor diagrams of
Fig. (3.7) are drawn for the same magnitudes of the receiving end voltage
and current and s how that a larger value of the sending-end voltage is
required to maintain a given receiving-end voltage when the receiving-
end current is lagging the voltage than when the same current and voltage
are in phase. A still smaller sending-end voltage is required to maintain
the given receiving-end voltage when the receiving-end current leads the
voltage. The voltage drop is the same in the series impedance of the line
in all cases; because of the different power factors, however, the voltage
drop is added to the receiving - end volt ilgeilt different angle in each
case . The regulation is greatest for R lagging power factors a n d least,
or even negative, R or leading power factors .The inductive reactance of

transmission line is larger than the resistance, and the principle of
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regulation illustrated in Fig (3.7) is true for any load supplied by a
predominantly inductive circuit . The magnitudes of the voltage drops I
R and Iz X, for a short line have been exaggerated with respect to Vg in
drawing the phasor diagrams in order to illustrate the point more clearly.
The relation between power factor and regulation for longer lines is

similar to that for short lines but is not visualized so easily[16].

3.4.2 The Medium Transmission line:

The shunt admittance, usually pure capacitance, is included in the
calculations for a line of medium length. If the total shunt admittance of
the line is divided into two equal parts placed at the sending and receiving
ends of the line, the circuit is called a nominal . it refers to Fig( 3.8) to
derive equations. To Obtain an ' expression for Vs we note that the

current in the capacitance at the.

I
—L z ] IR
+ 4 VY VN :CEH

G;:‘.
V1
I
M!-<
O | ret

Fig (3.8) Nominal m circuit of a medium-length transmission line.[16]

receiving end is Vi Y/2 and the current in the series arm is Iz + VRY/2.
Then.

Ve=(V > +l)Z+Vg (3.4)
vs:(ZZ—Y +1)Vr+ Zlg (3.5)
To derive Is, we note that the current in the shunt capacitance a t the
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sending end is Vs Y / 2, which added to the current in the series

arm gives.

Y Y
IS:VS; + VR;+IR (3.6)

Substituting Vs, as given by Eq. (3.5), in Eq . (3.6) yields

I =VeY(1+5) + (54 1) I @37)
Equations (3.5) and (3.7) may be expressed in the general form
Vs=AVRr+Blg (3.8)
Is=CVR+DlIy (3.9)
Where
A=D=2"+1
B=Z c=Y(1+%) (3.10)

These ABCD constants are sometimes called the generalized
circuit constants of the transmission line . In general, they are complex

numbers. A and D are dimensionless and equal each other if the line is

the same when viewed from either end. The dimensions of B and C are

ohms and mhos or Siemens, respectively. The constants apply to any
linear, passive, and bilateral four- terminal network having two pairs of
terminals. Such a network is called a two-port network .A physical
meaning is easily assigned to the constants. By letting Iz< be zero in Eq.
(3.8), we see that A is the ratio V¢/ VR at no load . Similarly, B is the ratio
Vs /Ir when the receiving end is short-circuited. The constant A is useful
in computing regulation. If Vgg is the receiving-end voltage at full load
for a sending-end voltage of Vs., Eq. (3.3) becomes[16].

Percent regulation="s" ﬂf}';::fp Y% 100 (3.11)
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3.4.3 The Long Transmission Line:

The exact solution of any transmission line and the one required for
a high degree of accuracy in calculating 60-H z lines more than
approximately (150 mi) long must consider the fact that the parameters
of the lines are not lumped but, rather, are distributed uniformly
throughout the length of the line. Lumped parameters are not shown
because we are ready to consider the solution of the line with the
impedance and admittance uniformly distributed .In Fig( 3.9) we consider
a differential element of length dx in the line at a distance x from the
receiving end of the line. Then z dx and ydx are, respectively, the series
impedance and shunt admittance of the elemental section . V and I are
phases which vary with x .Fig(3.8) show the Schematic diagram of a

transmission line[16].

i R
- I+dll v 4 -
+ +1 T+ T

, | :
o

Gen. Vo V+dVv i v Vi Load

L |
l ] |
: |

— — 1y —

I| I . /

| |
|

Fig (3.9) Schematic diagram of a transmission line showing one phase and the
neutral return. Nomenclature for the line and the elemental length are
indicated[16]

Average line current in the element is (1 + | + dI) /2, and the increase of

V in the distance dx is quite accurately expressed as

_I+I+dI
2

dv + zdx = Iz dx (3.12)

39



when products of the differential quantities are neglected. Similarly,

V+V+dV
dl =

ydx = Vdx (3.13)
Then, from Eqgs . (3.12) and (3.13) we have
j—: = Iz (3.14)

and

—=Vy (3.15)

Let us differentiate Eqs. (3.14) and (3.15) with respect to x , and we

obtain
d2v d1
P Zd_x (3.16)
and
Lt 3.17
dx2 ydx (3.17)

If we substitute the values of dy / dy @nd d V/ dy from Egs. (3.15) and

(3.14) in Egs . (3.16) and (3.17), respectively, we obtain

d?v
o =yzV (3.18)
And
d?1
o2 = yzl (3.19
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Now we have Eq . (3.18) in which the only variables are V and x
and Eqg. (3.19) in which the only variables are | and x . The solutions of
those equations for V and I, respectively, must be expressions which
when differentiated twice with respect to x yield the original expression
times the constant y z . For instance ,the solution for V when
differentiated twice with respect to x must yield yzV This suggests an

exponential form of solution . Assume t hat the solution of Eq.(3.18) is

V=A, eVvixqp, ey (3.20)
2
ZTZ =yz [A1 eV 4 A, E‘VYZX] (321)

which is yz times the assumed solution for V. Therefore, Eq. (3.20)
is the solution of Eq. (3.18) .when we substitute the value given by Eq.
(3.20) for Vin Eqg. (3.14), we obtain

1

Jz/y

1

Jz/y

[= A, EVYEX— A, e7VYZX (3.22)

The constants A; and A, can be evaluated by using the conditions at the
receiving end of the line; namely, when x = 0, V= Vz and | = I
Substitution of these values in Egs. (3.20) and (3.22) yields

Ve =A,+4A, and Iy =J%(A1—A2)

Substituting Z: =,/z/y and solving for A.give

\% IRZ Ve-IrZ _

V = R+TRC AL RTRC g Yx (3.23)
Vr/Zc+1 VR/Zc—-1 _

[ = Yr/Zctlr 2C+ R eyx_ VR/Ze7lr Rew (3.24)

where Z.=,/z/y and is called the characteristic impedance of the line,

and y =./z/y and is called the propagation constant Equations (3.23)
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and (3.24) give the rms values of V and | and their Phase angles at any
specified point along the line in terms of the distance x from the receiving
end to the specified point , provided V,,I, and the parameters of the line

are known[16].

3.4.4 Hyperbolic Form Of The Equation:

The incident and reflected waves of voltage are seldom found
when calculating the voltage of a power line. The reason for discussing
the voltage and the current of a line in terms of the incident and reflected
components is that such an analysis is helpful in obtaining a better
understanding of some of the phenomena of transmission lines . A more
convenient form of the equations for computing current and voltage of,
power line is found by in traducing hyperbolic functions. Hyperbolic
functions are defined in exponential form[16]:

se—s_

sinh@ =

(3.31)

g0

cosh 8 =

(3.32)

By rearranging Eqs. (3.23) and (3.24) and substituting hyperbolic
functions for the exponential terms, we find a new set of equations. The
new equations, giving voltage and current anywhere along the line, are

V = Vgcoshyx + I Z, sinhyx (3.33)

I = Izgcoshyx + ;—R sinh yx (3.34)
Cc

Letting x = / to obtain the voltage and the current It the sending end , we
have

Vs = Vgxcoshyl + I, Z, sinh yl (3.35)

I¢ = Igcoshyl + Z—R sinh yl (3.36)
Cc
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From examination of these equations we see that the generalized

circuit constants for a long line are

A = coshyl ¢ = Syt (3.37)
Zc
B = Z; sinhyl D = coshyl

Solving Egs. (3.35) and (3.36) for Vi and I in terms of Vs and Is, we
obtain

Vi = Vgcoshyl + I;Z sinh yl (3.38)
Iz = Igcosh yl + Z—Ssinhyl (3.39)
Cc

For balanced three-phase lines the currents in the above equations
are line currents and the voltages are line-to- neutral voltages, that is, line
voltages divided by 13 . In order to solve the equations, the hyperbolic
functions must be evaluated. Since "lI is usually complex , the hyperbolic
functions are also complex and can be evaluated with the assistance of a
calculator or computer. For solving an occasional problem without
resorting to a computer there are several choices. The following equations
give the expansions of hyperbolic sins and cosines of complex arguments

in terms of circular and hyperbolic functions of real arguments[16]:
cosh(al + jBl) = coshal cos Bl + j sinh al sin Bl (3.40)
sinh(al + jf1) = sinh al cos 1 + j cosh al sin B (3.41)

Equations (3.40) and (3.41) make possible the computation of
hyperbolic functions of complex arguments. The correct mathematical
unit for Bl is the radian, and the radian is the unit found for Sl by
computing the quad rapture component of "yl. Equations (3.40) and

(3.41) can be verified by substituting in t hem the exponential forms o f t
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h e hyperbolic functions and the similar exponential forms of the circular
functions. Another method of evaluating complex hyperbolic functions is
suggested by Eqgs . (3.31) and (3.32). Substituting a + {3 for a + j for8,

we obtain :
cosh(a + jp) = M = 1 (4B + €7 %2 —p) (3.42)
sinsh(a + jB) = M (s LB— %2 —B) (3.43)

3.4.5 The Equivalent Circuit Of a Long Line:

The nominal-r circuit does not represent a transmission line
exactly because it does not account for the parameters of the line being
uniformly distributed. The discrepancy between the nominal m and the
actual line becomes larger as the length of line increases. It is possible,
however, to find the equivalent circuit of along transmission line and to
represent the line accurately, in so far as measurements at the ends of the
line are concerned, by a network of lumped parameters .Let us assume
that a 7 circuit similar to that of Fig (3.9) is the equivalent circuit of a
long line, but let us call the series arm of our equivalent- = circuit z'and
the shunt arms Y /2 to distinguish them from the arms of the nominal-
mcircuit. Equation (3.5) gives the sending-end voltage of a symmetrical -
 circuit in terms of its series and shunt arms and the voltage and current
at the receiving end . By substituting Z' and Y /2 for Z and Y /2 in Eq.
(3.5), we obtain the sending-end voltage of our equivalent circuit in terms
of its series and shunt.
arms and the voltage and current at t h e receiving end:

Vo= (55 +1) Ve + 21 (3.44)

For our circuit to be equivalent to the long transmission line the

coefficients of V and I in Eq . (3.44) must be identical, respectively, to
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the coefficients of V; and I in Eq. (3.35). Equating the coefficients of I,

in the two equations yields

Z' = Z, sinhyl (3.45)
, Z sinh yl
Z = |=sinhyl =zl
Y Jzy
7 = ZSi“yhly : (3.46)

where Z is equal to zI, the total series impedance of the line. The
term(sinh yl)/yl is t he factor by which the series impedance of the
nominal = must be multiplied to convert the nominal = to the equivalent
7 . For small values of yl, both sinhyl and yl are almost identical, and
this fact shows that the nominal m represents the medium-length
transmission line quite accurately ,insofar as the series arm is concerned
.To investigate the shunt arms of the equivalent-rz" circuit, we equate the
coefficients of V, in Egs. (3.35) and (3.44) and obtain

% +1 = coshyl (3.47)
Substituting Z, sinh yl for Z' gives

YZesmbyt 4 1 = cosh yl (3.48)

Y 1 coshyl-1
— ==Y (3.49)
2 Zc sinhyl

Another form of the expression for the shunt admittance of the
Equivalent circuit can be found by substituting in Eq. (3.49) the identity

l hyl—1
tanhZ = 222X (3.50)
2 sinh yl

The identity can be verified by substituting the exponential forms
of, Egs. (3.31)
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Z = Z sinh yl=2*2X

' Y"1 Tt
Y I 2 tanh L
> 5 Z. tanh 5

_ Y tanh 71/2
2 1172

Fig (3.10) Equivalent -m circuit of a transmission line.[16]
and (3.32) for the hyperbolic functions and by recalling that
tanh 8=sinh 8 /cosh 6. Now

Y 1
— = —tanh? (3.51)
2 Zc l

Y Ytanh(y1/2)
r _ rtanhyt/2) (3.52)
2 2 yl/2

where Y is equal to yl, the total shunt admittance of the line.
Equation (3.52) shows the correction factor used to convert the
admittance of the shunt arms of the nominal mto that of the equivalent
Since tanh(yl/2) and yl/2 are very nearly equal for small values of ylI,
the nominal  represents the medium-length transmission line quite
accurately, for we have seen previously that the correction factor for the
series arm is negligible for medium-length lines. The equivalent -rr circuit
Is shown in Fig (3. 10). An equivalent-T circuit can also be found for a

transmission line[16].
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Chapter Four

Experiment with the use of nuclear impact detectors
(CR-39) in radiometric measurements and Experiment of

Electromagnetic Field
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4.1- Introduction

God almighty created the universe of which we live, from materials
such as water, air, sand, iron and wood. The material in this universe is in
the form of separate elements or compounds of these elements or in the
form of mixtures of several materials. The element is the primary image
and cannot be transformed into a simpler one by chemical methods. All
the materials in this universe are composed of ninety-two natural
elements such as hydrogen, oxygen, iron, gold and others. Several dozen
other elements can also be produced by industrial methods, such as
plutonium, which is critical in 4185 nuclear weapons and some
reactors[17]. The purpose of this preliminary study is to measure the
concentration of radioactive radon in the soil surrounding high-voltage
trans mission lines wires and faraway of high-voltage and to draw a
preliminary the distribution of radon concentration.

4.2 Radon sources:

The main sources of radon are soil, rock, water, and building
materials. Radon is emitted from these sources to the surrounding
environment and mixed with atmospheric air.[18]

4.2.1- Soils and rocks:

The proportion of radon emitted from the top layer of the earth's
crust is about 80% of the total radon emitted to the outer medium, so the
soil is the main source of radon in the environment. Usually the amount
of uranium present somewhere in a millionth of a pound of weight or the
specific radioactivity (Specific activity) expressed in pico-curie in one
gram of material[19-20].

The relationship between these two formats is (1pCi/ g = 1ppm).

In general, the rocks in the Earth's crust contain about 1pCi/ g, and the
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soil is about 0.7pci / g [21]. The presence of uranium-238 and thus
radium-226 is the cause of radon emission from soil and rocks. The
amount of radium and uranium varies from one place to another
according to the geological nature of the place, that is, every dissociation
of a radium atom present in the grains of soil or rocks will give an atom
of radon, and it is believed that the departure of radon from the soil
granule is the result of the reflux that occurs when the radium atom
dissolves a massive alpha particle [22]. The amount of radon emitted
from the soil depends on the porosity and moisture of the soil. Frequently
the place of production of this atom is close to the surface of the soll, the
greater the probability of its leakage to the outer medium. Several studies
on the effect of humidity on the radon emission rate from the soil showed
that the emission rate increases with the increase in humidity up to 18%
and then decreases as the humidity increases above this level [23]. Radon
enters between the grains of the soil as a result of the reflux of the radon
atom resulting from the dissociation of radium. If the medium is dry, then
the radon atoms that are rebound may be embedded in the neighboring

grains[24].

4.3- Health risks of radon gas:

Exposure to atomic radiation of various levels is undesirable, and
the biological effects of radiation when exposed to high doses are well
known. The assessment of the health risk posed by exposure to low doses
of atomic radiation from radioactive natural isotopes, especially uranium
(238U) and thorium (232Th) has become of interest due to the discovery
of radon as a possible source of high incidence of lung cancer among
miners[25]. The researchers and organizations concerned with health and

environmental radiological protection during the last half of the
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nineteenth century were interested in studying the concentration of radon
in populated places such as homes to know levels of exposure to homes
and take preventive measures for general protection[26]. Estimation of
the risk of lung cancer due to inhalation of radon and its births is based on
a study of the emergence of cancer among uranium miners in Canada and
the USA, iron miners in Sweden and uranium miners in Czechoslovakia.
Radon was not previously thought to be a health hazard in other places
far from mines because of its low concentration, but it was discovered
that radon concentrations in some homes vary by at least 100 times
depending on their composition and location. That means the possibility
of up High concentrations in some dwellings to levels comparable to its
concentration in mines have been shown to cause lung cancer [27]. The
UK Radiological Protection Agency has estimated that radon causes
about 5% -6% of lung cancer deaths in the UK, which is equivalent to
about 2,000 deaths a year out of a total of 40,000 cases. In Sweden, which
suffers from the problem of high concentrations of radon in its dwellings,
30% of the total annual cancer incidence of 3,000 cases is attributable to
exposure to radon, while Sweden's population is only 8.4 million.
According to a report by the US Environmental Protection Agency
(EPA), about 13,000 to 15,000 deaths a year from lung cancer can be
attributed to radon [27], and the agency's own statistics indicate that
radon is second only to smoking in the states. At the same time, it is the
leading cause of lung cancer for non-smokers. The risk of lung cancer
increases for smokers. In several reports published by the National
Academy of Sciences of the United States in 1999, research results show
that 15,000 to 22,000 people die annually from lung cancer caused by
exposure to radon. The report issued by the same authority on assessing
radon risk also states that 21,100 people died out of a total of 146,600

cases of lung cancer deaths during 1995, or 14.4% attributable to
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exposure to radon at homes See Fig (4.1). These results were based on a
radon risk assessment from data obtained from the exposure of miners to

radon during their working periods[27].

30,000

21,000

deaths
per year

17,400

8,000

3,900

RADON" Drunk Falls in Drownings Home
Driving the Home Fires

10,000

Fig (4.1) Percentage of causes of death in the United States[27]

4.4- Electromagnetic waves and their impact on human and
environment:

Aerobic electricity poles pose a threat to people's lives because
they carry electromagnetic radiation, cancer, childhood immunity, and
environmental pollution. Global and health studies by the British Cancer
Research Institute, the American National Cancer Institute and the
Karolinsky Institute Al Suwaidi several years ago about the danger of
exposure or housing near power lines or power transformers, and studies
conducted on this matter that there is a relationship between
electromagnetic pollution and the incidence of many children with

leukemia and acne of dangerous diseases[28].
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The electrical system in any country is a symbol of civilization and
a criterion of progress and development in this country, the electrical
system is developing and increasing steadily with the increase of
population and urban and industrial buildings, and technological
development in the world and the spread of various industries and
increase population and high standard of living imposed a continuous
increase in energy consumption of all Types. It is known that electrical
energy is one of the most common and widely used types of energies
because of its many advantages such as:

1. Easy to generate and transport in large quantities over long
distances with high efficiency and easy distribution.

2. Can be converted into different images of energy in simple and
easy ways.

3. High economic feasibility.

The proliferation of generating stations, switching stations and
power transmission lines everywhere has led to a large number of studies
and research into the potential health damage caused by the electrical
system, and the recent advantage of electric power has recently become
the subject of considerable controversy after conducting these studies and
research that has raised global concern As the electricians responsible for
generating, distributing and distributing electrical energy to consumers,
researchers should study the harmful effects of using this energy in
cooperation with specialists. The other sciences such as medicine,
biochemistry and statistics. Electromagnetic energy is produced from
natural sources and from many artificial sources in the form of
electromagnetic waves. These waves consist of oscillating electrical and
magnetic fields, and interact directly with biological systems such as
human cells, animals and plants. Therefore, in this work the possible
negative effects of using high and high voltage transmission in particular

and electric power in general is studied[28].
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4.5 Safety and Methods of Dealing with Electromagnetic

Radiation

Energy and matter are two different forms of one thing. Material
can be converted into energy and energy into matter. Even to a lesser
extent than the conversion of energy into matter in the accelerators,
although this still exists at the particle level. The transformation of matter
into energy and energy into matter is scientifically and practically
possible. The matter and energy are coupled, and the occurrence of this
shift on a large scale only hinders the difficulty of its occurrence and
control under the current scientific and practical conditions and
possibilities. Energy at ease calls for tremendous scientific and technical
progress.

The science of magnetism arose from the observation that some
stones are called Magnetite (Fe304) attract iron particles. The word
magnetism is derived from the region of Magnesia in Asia Minor where
these stones are found. The globe itself is also known as a permanent
magnet. In 1820, the scientist Orested noted that if a current passed
through a wire, a magnetic effect was created, namely the deviation of a
magnetic needle placed next to the wire, that the magnetic field arises
from charges in the state of motion (electric current).

The area around a permanent magnet or conductor through which a
current passes is known as a magnetic field. A field is a physical effect
that takes different values in a vacuum. The basic vector in magnetic
effects is called a magnetic induction vector. The magnetic field can be
represented by magnetic force lines so that the density of lines per unit
area of a space element perpendicular to the direction of the power lines
Is the magnitude of the magnetic field. The tangent direction of the power
line at any point on it is given the direction of the magnetic field at that
point[28].
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4.6- Electromagnetic radiation:

The reason for the formation of electromagnetic radiation, the
fluctuation of the constituent charges of the atom leads to the emission of
the electromagnetic spectrum that acts as a spring is the temperature that
supplies the charges with energy or any type of excitation such as
collisions and others. The wavelength of the electromagnetic radiation
depends on the degree of excitation of the charge, and from here we find
that the electromagnetic spectrum has a wide range.

Electromagnetic radiation propagates in a vacuum at a constant
speed, the speed of light and its value is 3 X 10° m / s. These rays travel
in a vacuum and transfer energy from the source to the receiver. These
rays were discovered in stages where the scientist Hertz (1887 AD) was
the first to work in this field and only at that time were radio and visible
rays, and then the rest of the electromagnetic spectrum was discovered
through physical observations and phenomena. Electromagnetic radiation
has a wavelength and frequency that determines its properties. The speed
of the electromagnetic radiation is related to the frequency and

wavelength by the formula:
C=AXf i e e (401)

Where:
c-speed electromagnetic radiation (m / s), A-wavelength (m), f-frequency
(Hz2).

As shown in Fig (4.2), a blueprint for the entire electromagnetic
spectrum is started, starting from radio waves of long wavelength and low
frequency, then the microwave ray region, the infrared region, then the
visible ray area, then the ultraviolet area, then the X-ray region, then the
gamma-ray region. this sequence is depending on the increased frequency
of these waves. Each region of the electromagnetic spectrum has
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characteristics that distinguish it from each other, and accordingly
different applications of these rays have been produced, and for science it
is the area of the visible spectrum that God Almighty has given us the
ability to see and it is the region to which the retina responds to be able to
see the things that have been transformed. It should be noted that
electromagnetic radiation has an energy given by equation (4.1).
follows from this that the greater the frequency, the greater the
energy[28].

4.6.1- Electromagnetic waves:

Image of energy disturbance in the vacuum in the form of two
hesitating fields, one electric field (E) and the other magnetic field (B) in
two levels perpendicular to each other as they perpendicular to the
direction of wave propagation as shown in Fig (4.2).

| =
3 - E
| | | ,7\. p A
/ *I | m
".‘"J"" - — P"' < .%.
/1 v
:
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|

B
Fig (4.2) The direction of the electric and magnetic field[28].

4.6.2 Electromagnetic wave characteristics

The main characteristics of Electromagnetic waves are:-

1. Spread out in a vacuum at a constant speed equal to 3X10° m/s.

2. Not affected by electric or magnetic fields.

3. It is spread in straight lines and is subject to suggestive properties of
diffraction and interference.

4. Polarized cross waves.
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4.6.3 Spectrum of electromagnetic waves:

Electromagnetic waves occupy a large area of frequencies and vary
and differ from each other in the nature of their source and the method of
their discovery and penetration of different media, but they are in
agreement with the general characteristics. The spectrum of
electromagnetic waves is divided into radio waves, infrared radiation,
visible light, ultraviolet rays, X-rays and gamma rays.

4.7- Absorbing electromagnetic radiation in the body:

Studies have shown that the rate of the body's absorption of
electromagnetic energy depends to a large extent on the orientation of the
largest axis of the human body in relation to the electric field and the rate
of absorption reaches its peak when the length of the body is equal to
approximately 0.4 of the wavelength and at vibrations of a value ranging
from 70-80 MHz when the person is isolated From the ground contact. It
has been observed that human contact with the earth under these
conditions reduces oscillations to nearly half (35-40 MHz), and this
explains the importance of caring for establishing ground connection
systems in electrical networks in schools, homes and various work
facilities[28].

4.7.1 Health Effects of Electromagnetic Radiation:

« The complants of exposure to -electromagnetic radiation are
concentrated in chronic headaches, tension, horror, abnormal agitation,
frustration, increased sensitivity to the skin, chest, eye, arthritis,
osteoporosis, sexual dysfunction, heart disorders and early aging
symptoms.

« Many clinical scientific researchers agree that no confirmed health
damage was demonstrated as a result of exposure to electromagnetic
radiation at levels less than 0.5 mW / cm?, but exposure to higher levels
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of these radiation and cumulative doses may cause the appearance of
many pathological symptoms, including general symptoms and include
feelings Fatigue, headache and tension. Organic symptoms appear in the
cerebral nervous system and cause lower rates of mental focus,
behavioral changes, frustration and a desire to commit suicide, and
organic symptoms appear in the visual system, cardiovascular system and
Immune system.

» Feeling of temporary effects including forgetfulness, inability to
concentrate and increase nervous pressure after exposure to
electromagnetic radiation levels from 0.01 mW / cm® to 10 mW / cm2,
and these symptoms are called psychological changes.

 Exposure to electromagnetic radiation at levels starting from 120 mwW /
cm’ affects the function of hormonal secretion from the pituitary gland,
which may affect the level of sexual fertility. Also exposed to
electromagnetic radiation at levels starting at 700 mW / cm? sounds can
be heard as if they were coming from or near the head.

* Exposure to electromagnetic radiation damages the retna and
crystalline lens, and that the high temperature of the lens of the lens to
about 41 degrees Celsius, can lead to the emergence of opacities in the
lens of the eye (Cataract).

« Although there are insufficient studies on the effect of electromagnetic
radiation in metals, it is advised not to be exposed to the levels of impact
of these radiation, for patients with bone fractures with slices or nails
used in fixing fractures.

« There is increasing concern about the effect of exposure to
electromagnetic radiation on the mechanism of nervous stimulation with
vivo systems if taking into account the results of scientific research about
the effect of radiation emitted by the mobile on the electronic chips that
regulate the work of gasoline pump stations counters and the interference

it causes in electronic control of the takeoff and landing of aircraft[58].
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4.8 Experiment with the use of nuclear impact detectors (CR-39)
in radiometric measurements

Plastic reagents played an important role in detecting and
measuring ionizing particles for their simplicity, light weight, small size
and ease of handling. These reagents have become an excellent means in
many scientific fields such as physics, chemistry, biology, space science,
medicine, geology and radiation dosimeter. Nuclear impact reagents are
insulating materials such as crystal, glass, plastic, etc.

The principle of action of these reagents depends on the fact that
when a charged particle passes through the reagent (which is an
insulating material such as glass or plastic), there is vandalism along its
path. This sabotage is caused by the attenuation of the ionized particle
falling by the reagent atoms by giving them their energy. This results in a
breakdown of the chemical bonds formed by the reagent's body and its
free radicals. The energy threshold required to produce such effects varies
from several electron volts to several million electron volts, depending on
the type of detector. These effects are very small and can only be seen
with an electron microscope. In order to show these effects to be visible

to the normal microscope, the reagent must be chemically treated.

4.8.1 Objective of the experiment:

1. Identify plastic reagents in general and CR-39.

2. Learn how to prepare the antimatter and how to show the effects by
chemical induction.

3. Identify how to count the effects with a microscope and calculate the
intensity of the effects on the detector.

4. Learn how to calculate the yield of these reagents in recording the
falling particles perpendicular to the detector.

5. Learn how to measure the range of alpha particles in the air.

78



4.8.2 Devices used:

1. CR-39 detectors with Imm thickness.
2. Sources of Americum-241 (Am-241) source of particles with low
activity.

3. Package selectors.

4. Sodium hydrate and distilled water.
5. Suitable water and bath.

6. Suspension springs for reagents.

7. Micrometer slide included.

8. Optical microscope.

9. Manual digital counters and timer.

4.9 Chemical Abrasion

The magnification of the effects to be visible under a light
microscope depends on the concentration of the solution used to scratch
the reagents, temperature and rubbing time. To determine the best time to
scratch the plastic reagents (CR-39), the following experiment was
conducted:

Cut a slice of CR-39 with a thickness (1mm) into small pieces of
equal dimensions about (1.5cm x 1.5cm). The reagents are numbered and
washed with distilled water in the ultrasonic bath to be cleaned from the
chopping residue and then dried with a soft paper. Display each detector
separately for the standard alpha source (Am-241) for one hour. After
exposure, the reagents are placed with a chemical abrasion solution and
are loaded onto a spiral wire to prevent adhesion to each other when
placed inside the solution. A chemical solution of NaOH is used for
itching. The solution is placed in a beaker and the beaker is placed in a
water bath about a degree (70°C) For a sufficient period of time to make
the chemical solution in the flask and the water bath in equilibrium before
placing the reagents in the solution. The reagents are placed in the
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solution in one vessel. After the first hour of scratching, the first reagent
Is withdrawn and then after two hours of scratching, the second reagent is
withdrawn and thus the reagent is withdrawn whenever an hour has
elapsed until five hours. When withdrawing any reagent placed directly in
a beaker with water and placed under tap water for an hour until the
caustic soda solution is neutralized, the reagents are transferred to a
beaker with distilled water and washed using an ultrasonic bath to clean
the reagents from any trace of the caustic soda solution, It is then pulled
and dried with fine paper and the reagents are ready to count using a
500X magnification light microscope. The numerical density of nuclear
effects (density) (Track density) on each detector is counted and plotted
as a function of time as shown in Fig (4.3). From the curve we notice that
the numerical density increases with increasing abrasion time and then
the value of numerical density is confirmed with increasing abrasion
time. Usually the time corresponding to the beginning of the numerical
density is proven to be the best scratching time, from the figure we note
that the best time to show the effect is 3.5 hours.
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Fig (4.3) The numerical density of alpha particles as a function of chemical

abrasion time[28]
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4.10 Calculation of the numerical density of the effects of alpha
particles:

Griffin optical microscope was used to measure the numerical
density of the reagents, and a 10 mm graduated ruler divided into 100
scales, each calibrator (0.1mm), was used to calibrate the field of view
and found that the field area using a 40X magnification lens and a 12.5
magnification eye lens X is equal to 0.000625cm2. If we denote the
number of alpha traces in the field of vision with the symbol (N) and the
number of fields (n) and the area of the field of view (A), the numerical
density (p) of the alpha effects is calculated from the following
relationship:

n
N,
1=1 1
= Tracks/cm? .... (4.2
P A racks/c (4.2)

It is usually assumed that the number of effects is subject to the

Poisson statistical distribution [29-30] and therefore the standard
deviation in numerical density (o) is calculated from the following

relationship[28]:

o(p) =Y="— Pl Tracks/cm? .... (4.3)

4.11- Conversion of alpha particle density to radioactivity:

To convert the numerical density (Tracks / cm?) of alpha particles
to radioactivity (Bq/cm3) requires calibration of doses using a
calibration chamber of about 1m® size containing a standard source of
radon (226Ra). The doses used in this project have been calibrated by the
Libya Atomic Energy Agency's coefficient Fig (4.4).
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Fig (4.4) Calibration chamber of radon measurements in the study area

Fig (4.5) shows the radon exposure curve of the numerical density
of the standard source (ps) as a function of radon (Es) exposure in Bq /

m3, which gives a linear relationship, the slope of the best line passing

through the measurement points (k = 0.0024).
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Fig (4.5) Exposure curve for radon
The numerical density of the measurement site can be converted to
the equivalent concentration of radon (C) according to the following:

A
k(slope) = A]FE)IS e v e eeneee e e e o (424)
S
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Thus, the concentration of radon can be calculated from the
following relationship:

=—=— Bq/m®...iinin...(45)

Where:

c: concentration of radon in measurement places (Bq/m?).

t: exposure time of reagents at home (h).

Es: exposure to radon with a calibration curve corresponding to the
numerical density value (Bq/m3.h).

4.12 Calculation of the Radiation Background with Reagents
Used (CR-39):

The CR-39 strips are kept cooled to 0°C in order to minimize
exposure to radon during storage. Perform the required measurements 8
pieces are numbered to calculate the numerical density of the background
(4 pieces in each region).

4.13 Radon measurement with high-pressure soil lines (wires):
Radon measurement inside the homes is generally important as a
database on the concentration of the largest source that contributes to the
natural radiological background to which human and organism are
permanently exposed; Oil industries are given special importance in
measurements because the phosphate residues are rich in uranium, and
the oil extracted from the ground passes through rock layers that may be
rich in uranium and therefore rich in radium in addition to the refining
processes accompanied by gases It is in the air that may be accompanied
by radon resulting from radioactive decay of radium Therefore, the
measurements targeted radon gas concentration in two areas: the first area
near the high-pressure lines, and the second area far or free of high-
pressure lines, where the reagents were distributed to eight sites of the
free zone, and four to the area exposed to the lines, after being placed in
compartments (doses), The compartment, as shown in Fig (4.6), consists
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of a cylindrical plastic tube on one end with a lid. The detector is attached
to the inside of the lid of the tube using adhesive tape on both sides. The
lower end of the tube has a clogged opening from the inside with a 0.8um
porous paper filter that allows only radon to enter and does not allow
radon births suspended by air or soil. The filter is fixed to the opening of
the compartment with a piece of synthetic sponge.

The compartment cover
has the CR39 detector inside

A piece of sponge

Plastic tu‘bg

Compartment \
number

The date of

exposure
\ end date /
candidate _ 7 /

Cubbyhole — “Jrgr’;‘%(

Fig (4.6) Installation of a radon measurement compartment

4.14- Distribution and Collection of Compartments:

The plastic detector (CR-39 type) with a thickness of (1mm) was
cut into small pieces each piece with dimensions of about (1.5cm X
1.5cm). Each piece is labeled with a number or mark at the bottom right
corner of each detector using a pointed metal tool. Then, the reagents are
washed in a water bath (distilled water) using an ultrasonic bath to
remove the cutting products from the surface of the reagents and dry with
a soft paper. Fix one detector inside the lid of each compartment with
adhesive tape on both sides so that the numbered side is exposed. Number
the compartment from the outside with a number identical to the detector
number. Measurements included the preparation of (16) compartments
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and their distribution so that eight doses are placed in both locations. Due
to the measurements required by the direct dealings with the population
in the region and what may see some interference in their privacy, which
requires the preparation of a program to educate and educate the
landowners in the study area in order to accept the status of dangers in
their land for three months from 22/9/2018 to 7/1/2019. Fig (4.7) shows
how to place doses at a depth of one meter below the soil.

Plastic tube

Hanging wire ‘
ging e |
l
The soil o
T Detector compartment
L’“/
\—_ —
|~ -
- 2

Fig (4.7) Laying the compartment under the soil

After the expiration of the exposure period the compartments were
collected and the total compartments retrieved were complete. The
reagents collected after exposure are carried on spiral wires and placed
with NaOH solution at a concentration of (6N) and at a temperature of
(70 C) for three and a half hours to chemically rub the reagents and show
the effects of alpha particles resulting from the dissolution of radon and
its births inside the doses. After the rubbing period, the reagents are
placed in a beaker with water and left under tap water for about 1 hour to
ensure that the caustic soda solution is tied. Ready to count and calculate
the numerical density of the effects of alpha particles (p) using a light

microscope at a magnification of 500x.
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Table 4.1 Density p (Tracks/cm?) And the concentration of radon C(Bq/m3) In the soil of high-voltage wires in the study area

L6 Radiation Number MUl
oCi Dci 0Bg Spf the focus the college opi detector background | of relics of fields | Detector
c o n number
(©) (D) (0) (oB0) 0 (n)
168.2816886 | 0.035027154 | 587.92 | 1017.74507 | 4804.320885 | 29056.5327 | 830.7557415 | 30194.29 | 1137.753 1321 70 13
153.2885382 | 0.029930964 | 587.92 | 927.0609076 | 5121.403274 | 30974.247 | 716.7928571 | 32112 1137.753 2007 100 31
135.1844187 | 0.054498194 | 587.92 | 817.5878708 | 2480.530258 | 15002.247 | 568.1549085 16140 1137.753 807 80 4
117.3664751 | 0.081121418 | 587.92 | 709.8295052 | 1446.800099 8750.247 397.7536926 9888 1137.753 618 100 25
13853.05452 Total
3463.263629 | ‘Verage
arithmetic
> 6000
£ 5500
C%_ 5000 5121.408274
O 4500 4804-320885
S 4000 \\
B 3500 R
%5 3000 ~
- .| 2480530258
c 2500
S 2000
£ 1500 446.800099
¥ 1000
& 500
o
0
10 20 30 40
distance(m)

Fig (4.8) Radon concentration and distance in high voltage soil in the study area
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Table 4.2 Density p (Tracks/cm?) and the concentration of radon C(Bq/m3) In free soil in the study area

Each o Number
, : the focus the college . detector Renliuien Numper of fields | Detector
oci Dci pBg opf © (0 opi (@) background | of relics ") number
(PBg) (t)
131.7252049 | 0.047067376 | 587.92 | 796.6642495 | 2798.651951 16926.247 537.6095237 | 18064 1137.753 1129 100 21
134.590039 | 0.04359881 | 587.92 | 813.9888982 | 3087.011739 18670.247 562.9635867 | 19808 1137.753 1238 100 35
130.658144 | 0.048520721 | 587.92 | 790.2113176 | 2692.831845 16286.247 528 17424 1137.753 1089 100 7
149.9513427 | 0.03994784 | 587.92 | 906.8902505 | 3753.678406 22702.247 690.5070601 | 23840 1137.753 1192 80 47
12332.17394 Total
Average
3083.043485 arithmetic
6000
- 5500
S 5000
© 4500
“ & 4000 3753-678406
om
< ]
S E 2888 3087.011739 ///
- O o
@ 2500 5798-65195% 2600831845
S O 2000
© 1500
S 1000
500
0
10 20 30 40
distance (m)

Fig (4.9) Radon concentration and distance in free soil in the study area
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Table (4.3) Number of rooms in which measurements were made in the

study area and average radon concentration.

Exposure Number of Arithmetic mean of

Site time radon concentration
(month) compartments (Bo/m3)
1. High voltage lines area. 35 4 3463.26
2. Free zone of high voltage lines. 35 4 3083.04

Summary the eight reagents were divided into two groups for
comparative purposes, and four were used as a radiological background
to estimate the statistical confidence level in the data obtained. The CR39
nuclear impact detectors were used in this study and are the first time
these detectors have been used in conducting such studies. After etching
the reagents using sodium hydroxide solution and reading and recording
the results found that the concentration of radon gas is high and poses a
risk to public health compared to the results of studies conducted in many
countries of the world.

From table it can be seen that the concentration of radon in the
first region is approximately (3463.26 Bg/m°) In the second area about
(3083.04 Bg/m®) The data showed that the radon level in the first region
compared to the second zone. As a result, the level of radon concentration
and respiration rate in the soil of high-pressure wires is relatively high
than the empty soil because of the presence of high-pressure wires and
their electromagnetic radiation.

The level of radon concentration and its rate of respiration in field
sites (soil free) is low compared to the site (high pressure wires), which
indicates a low radon . The concentration of radon gas and its rate of
respiration in the soil of high pressure wires is relatively high than the
empty soil because of the presence of high pressure wires.

Radon concentration was generally found to be high in both
locations.

88



Human health is very important especially with the development of
these days, so there are many studies have been concerned with the
negative effects of electric and magnetic fields on humans and animals
surrounding the power lines. Many of these studies were computational
using programming and few in the field. In these studies there has been
considerable debate about the impact of these fields on human health.

The computational study does not simulate the real conditions
surrounding the transmission lines of electricity, so a comprehensive field
study was required under the high voltage lines to determine the
percentage of air pollution by the electric and magnetic fields with their
conformity with the World Health Organization.

In this theses presented the possible negative effects of the
electrical and magnetic fields under 400 kV transmission line in city of
Sabratha were conducted experimentally and compared with computer

simulation using Appendix.

4.15- Effect of electromagnetic field on human:

Humans are constantly exposed to many different sources of
radiation and the effects that chase him everywhere in the workplace, the
street and at home. The most important of these radiations resulting from
the lines of the conductor of the electric current, and noted
electromagnetic for example during the passage of electricity in a wire, it
consists of a magnetic field associated with the electric field consisting of
the passage of electrical current in the wires.

Diseases caused by electromagnetic pollution such as brain
function disorder, lack of concentration, destruction of the chemical

structure of the cells of the body and fetal deformity .
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4.16- Standard Guidelines Limits:

There are European Union and International Commission no Non-
lonizing Protection (ICNIRP), standards. In these criteria, the frequencies
of different Electromagnetic field have a "reference value". In 1999, the
World Health Organization (WHQO) set the limit values of electric and
magnetic fields for public and occupation area as shown in the
Table(4.4).

Table (4.4): Recommendation limits the strength of electric and magnetic fields.

o Public Area Occupational Area
Organization
E (kv/m) B(uT) E (kv/im) B(uT)
ICNIRP 5 100 10 500
European 5 100 10 500

Note: All values are rms values

Occupational limits of exposure apply to employees and contractors of
the business who, by their training or experience, would be aware of
possible risks associated with EMF from various sources.

General public limits of exposure apply to all others, such as employees
of the business, visitors, etc. who from their backgrounds would be
unaware of possible risks associated with EMF from various sources.

The test field was carefully selected so that the ground was flat, as
well as weather conditions were taken into account The current passing
through the transmission line sat the time of the experiments was
recorded by the power plant was 200A, and it will be used for calculation
and programming using Appendix.

The electric and magnetic field was measured in several directions
at the side and under the 400 kV transmission line in the city of Sabratha.
In this study, a type Survey Meter model Model HI-3604 device was
used as shown in Fig (4.10). The electrical specifications of device are
indicated in Table (4.5). All measurements were done in flat area and at a
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height of approximately one meter from the ground. The electric and
magnetic field was measured every 10 meters in several directions
starting from the center of the tower base.

Direct digital readout of field strength is provided by the
instrument with the ability to read the meter remotely via a fiber optic
remote control (Model HI-3616) which is available as an option. The HI-
3604 finds applications in research and environmental field studies where
knowledge of the strength of power frequency fields is required. It is
designed to provide engineers, industrial hygienists and health and safety
personnel with a sophisticated tool for the accurate investigation of power
frequency electrical environments.

Fig (4.10) Electromagnetic meter survey

Table (4.5) Electrical specifications of meter survey[28]

Frequency range(nominal) 30-2000Hz

Frequency response (typical)

Magnetic Field

Electrical Field

+0.5,-2.0 dB(30-

+0.5, -2.5 dB(30-

1000Hz) 2000Hz)
-2, -6 dB(1000-
2000Hz)
Dynamic range Electric Magnetic
1 V/m -200kV/m 0.2mG-20G
Response True RMS
Logging On-Board, 112 Readings (max)
Sensitivity Electric Magnetic
1V/m-199 kV/m 0.1 mG-20 G




4.16.1- Power Frequency Fields:

The HI-3604 finds application in numerous circumstances
involving 60-Hz fields. A prime example of the HI-3604's utility is
evaluation of electric the high-voltage transmission line (400kv). In this
case, the electromagnetic field environment surrounding a typical power
transmission line can be visualized through Fig (4.11). This fig illustrates
a single-circuit, three phase power line consisting of three separate
electrical conductors, each having an impressed voltage which is 120
degrees out of phase with its neighboring conductors. A shield wire may
be present above the three phases of the line; this wire, which is
grounded, acts as a preferred point for lightning strikes which could, if
unprotected, strike the current carrying conductors, potentially damaging
and removing the line from service for repairs. A double circuit line

would consist of two sets of the three phase conductors[31].
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Fig 4.11: Single-circuit, three phase power line consisting of three separate

electrical conductors

Fig 4.12 indicates that the maximum electric field strength beneath
the 345 kV line is expected to be about 3.4 kV/m. The maximum
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magnetic field strength will be dependent on the magnitude of current
flowing in the line; Fig 4.12 represents the magnetic fields if the line was
carrying a current of 1000 A and indicates a maximum value of 175 mG

(equivalent to 14 A/m).

Spatial Distribution of Electric and Magnetic
Field Strength Beneath a 345 kV Transmission Line
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Fig 4.12: Spatial Distribution of Field Strength

4.16.2- Using the HI-3604
4.16.2.1- DIGITAL DISPLAY

The HI-3604 uses a custom LCD to provide information on
instrument settings as well as the variables being measured Fig (4.13).

When the meter is turned on, a self-test procedure is automatically
performed. As part of this procedure, all segments of the display are lit
for about two seconds.

QD:IDDDDIIEIDDD]EIDDI]]DDE‘]D

AUTO mW/cm’ )))
Cam's mG MT nT
- - = kV/m®
I | | | | | | ]

MAX
XYZ

mA/m’

Fig(4.13) HI-3604 Custom LCD.

93



4.16.2.2- Electric Field/Magnetic Field Mode Selection

The HI-3604 measures both electric (E) and magnetic (H) fields.
The unit is switched between the E and H field modes using the
membrane switch panel keypads. The units being measured are shown on

the LCD display.
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Chapter Five

results and discussion
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5.1- Results and Simulation:

As mentioned above, the electric and magnetic fields were
measured around the tower base of 400 KV in several directions every 10
meters starting from the center of the tower, and the measurements were
repeated more than once to take into account any error that may occur
during the measurement. The Fig (5.1-5.2) shows the relationship
between the magnetic field and the distance from the base of the tower in
direction of southeast to northwest of the tower base .it is clearly that the
electric field is concentrated around the point of origin (center of the
tower base) and decreases gradually as we move away from the tower
base. However, the electric field is almost non-existent around the point
of origin and gradually increases as we move away from the center of the
tower could be attributed to parasitic capacitances, as shown in

Fig 5.1-5.2 (a,b).
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Table (5.1) Electromagnetic field measured from the center of tower base
measured in South East (SE) and North West (NW) (a)

uT SE
0.89 0
0.578 10
0.376 20
0.175 30
0.15 40
0.082 50
uT NW
0.89 0
0.502 10~
0.364 20~
0.263 30~
0.138 40~
0.125 50~

=o—SE
== NW

b @
0o ©

v

g

X
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(Magnetic field (uT)

NoWw B
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D

-50 -40 -30 -20 -10 0 10 20 30 40 50

distance (m)

Fig 5.1. Electromagnetic field measured from the center of tower base measured
in South East (SE) and North West ( NW) (a)
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Table (5.2) Electromagnetic field measured from the center of tower base
measured in South East (SE) and North West ( NW) (b)

KV/m SE
0.022 0
1.07 10
0.73 20
0.49 30
0.26 40
0.25 50
KV/m NW
0.022 0
0.68 10-
0.66 20-
0.48 30-
0.3 40~
0.12 50-

12 T
=4 SE
3 == NW

N

p ALY AN
.4 M N

r N

I U

-50 -40 -30 -20 -10 0 10 20 30 40 50

B
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o
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Fig 5.2. Electromagnetic field measured from the center of tower base measured
in South East (SE) and North West ( NW) (b)
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Table (5.3) Electromagnetic field measured from the center of tower base

measured in South West(SW )and North East (NE) (a)

utl SW
0.89 0
0.49 10
0.515 20
0.238 30
0.15 40
0.389 50
uT NE
0.89 0
0.52 10~
0.389 20~
0.289 30~
0.105 40~
0.201 50~

/K [ W
== N E
0.8
_ AR\
5 / |\
E U.0
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& 0s \ /
g - \\//
-L./ o
-50 -40 -30 -20 -10 i 0 10 20 30 40 50

distance (m)

Fig 5.3 Electromagnetic field measured from the center of tower base measured
in South West(SW )and North East (NE) (a)
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Table (5.4) Electromagnetic field measured from the center of tower base

measured in South West (SW) and North East (NE) (b)

KV/m SW
0.022 0
0.6 10
0.51 20
0.48 30
0.25 40
0.15 50
KV/m NE
0.022 0
1.19 10-
0.8 20
0.62 30~
0.36 40~
0.24 50~

/\ 12 == NE 1

Electric field (KV/m)

= /N
N4

-50 -40 -30 -20 -10 0 10 20 30 40 50

distance (m)

Fig 5.4 Electromagnetic field measured from the center of tower base measured
in South West( SW )and North East (NE) (b)
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The electromagnetic field under the 400 kV transmission line also
was tested at both sides of the tower base as shown in Fig (5.5a-5.6b) and
b. Each distance of profile is 90m for each direction (from North to
South). As can be seen from figures that there are some oscillations were
achieved, and might be due to the soil resistivity at horizontal line is non-

uniform.

Table (5.5) Electromagnetic field measured in North-South direction (a)

nT South
0.89 0
0.96 10
0.093 20
52 30
0.804 40
34.8 50
8.29 60
5.6 70
93.1 80
124 90
nT North
0.89 0
2.7 10-
6.3 20-
53.1 30-
16.9 40-
19.2 50-
0.039 60-
0.133 70-
18 80-
23.1 90-
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Fig 5.5 Electromagnetic field measured in North-South direction (a)

Table (5.6) Electromagnetic field measured in North-South direction (b)

KV/m North
0.022 0
0.27 10
0.61 20
1.26 30
1.56 40
2.8 50
1.7 60
1.8 70
1.9 80
3.03 90
KV/m South
0.022 0
0.093 10-
0.015 20-
1.75 30-
0.062 40-
3.12 50-
0.92 60-
2.49 70-
2.69 80-
1.1 90-
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Fig 5.6 Electromagnetic field measured in North-South direction (b)

The electromagnetic field under the 400 kV transmission line also
was tested at both sides of the tower base as shown in Fig (5.7a-5.8b) and b.
Each distance of profile is 90m for each direction (from East to West). As
can be seen from figures that there are some oscillations were achieved, and
might be due to the soil resistivity at horizontal line is non-uniform.

Table (5.7) Electromagnetic field measured in East — West direction (a)

pT East
0.89 0
1.09 10
5 20
2.53 30
5.67 40
0.892 50
0.339 60
0.276 70
0.0635 80
0.628 90
pT West
0.89 0
1.105 10-
4.58 20-
3.64 30-
1.57 40-
0.955 50-
0.276 60-
0.276 70-
0.439 80-
0.540 90-
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Fig 5.7 Electromagnetic field measured in East — West direction (a)

Table (5.8) Electromagnetic field measured in East — West direction (b)

KV/m East
0.022 0
0.103 10
0.38 20
0.25 30
0.25 40
0.077 50
0.26 60
0.036 70
0.052 80
0.062 90
KV/m West
0.022 0
0.081 10-
0.26 20~
0.41 30-
0.15 40~
0.093 50-
0.024 60-
0.031 70-
0.058 80-
0.066 90-
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Fig 5.8 Electromagnetic field measured in East — West direction (b)

5.2- Comparison between measured with simulated results:

The comparison between measured and simulation using mat lab
was conducted as shown in Fig (5.9). it is can be seen clearly that there is
very good agreement between computed and measured values, and the
small differences due to the weather conductions do not take into account
by computer simulation.
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Fig 5.9 Comparison between measured with simulated results
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Chapter six

Conclusions and Future Work
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6.1- Conclusions:

In this thesis the effect of the electric and magnetic field under and
surrounding of the 400 kV transmission line is practically conducted. It
was compared between simulation mat lab and practical measurements
under the transmission line 400kv in the west and east direction, and the
load current during the experiment was 200A, and through this
comparison, agreement was found between simulation mat lab and the
practical results, where both proved the values of the magnetic field
within the permissible limit in the World Health Organization. The results
were also compared with the computer using Mat lab and only one
measured result is selected for this comparison. According to the results
obtained in this test field, it was agree with the WHO requirements,
which are presented in Table (4.4). As for the comparison between the
practical side of the computer, there is agreement due to the computer
does not take into account several factors surrounding the transmission
line such as temperature, air and humidity.

From investigations on lab animals it is evident that cellular,
physiological and behavioral changes in human being are caused by
powerful ELF electric fields. Although not all the results can be scaled to
human beings but these studies gives us a warning that we should try to
avoid unnecessary interactions with strong electric fields as much as
possible.

From table (4.1),(4.2) it can be seen that the concentration of
radon in the first region is approximately (Bg/m 3463.26) In the second
area about (Bg/m 3083.04) The data showed that the radon level in the
first region compared to the second zone. As a result, the level of radon
concentration and respiration rate in the soil of high-pressure wires is
relatively high than the empty soil because of the presence of high-

pressure wires and their electromagnetic radiation.
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6.2-Future Work:
The following suggestions are proposed for future work:

I) Further experimental investigations on the electromagnetic and electric
fields using different types of instruments surrounding the high voltage
transmission lines.

i) Experimental studies could be conducted at different locations of the
field test site near the 400kv transmission lines and comparing it with
computer simulations.

Ii1) More experimental investigations could be performed to measure the
concentration of radioactive radon in the soil close to the power
transmission lines using the nuclear impact detectors
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Appendix

%o------ %
------- %Straight wire Magnetic Field and Electrical field produced by
400KV system%
--------------- %By Mawloud Albakoush%

- %

clc
close all
clear all

Vommnme %

---%Wire is along the X-axis%o------------=----mmmememe -
%o------ %

Ny=100 ¢

N=100; 9% length of the wire
Xw=(floor(-N/2):floor(N/2)); % X-coordinates of the wire
Yw=zeros(N+1,1); % Y-coordinates of the wire
Zw=zeros(N+1,1); % Z-coordinates of the wire
I=500; % current

u0=1; % permeability
XP(1:Nx)=-(Nx-1)/2:(Nx-1)/2 ¢
yp(1:Ny)=-(Ny-1)/2:(Ny-1)/12 ¢
zp(1:Nz)=-(Nz-1)/2:(Nz-1)/2
X(1:Nx,1:Ny,1:Nz)=0¢

Y(1:Nx,1:Ny,1:Nz)=0 ¢

Z(1:Nx,1:Ny,1:Nz)=0¢
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for i=1:Nx
X(1,:,:)=xp (i ¢(

end

for i=1:Ny
Y()=yp( £

end

fori=1:Nz
Z(:,.D)=zp(i¢(

end

Yo

2

for a=1:Nx
for b=1:Ny
for c=1:Nz

Yo

Yo

for I=1:N-1

Rx(i)=X(a,b,c)-(0.5*(Xw(i)+Xw(i+1(((
Ry()=(Y(a,b,c)-(0.5*(Yw(i)+Yw(i+L1¢((((
Rz(i)=(Z(a,b,c)-(0.5*(Zw(i)+2Zw(i+1¢((((
dIx(i)=Xw(i+1)-Xw(i(
dly()=Yw(i+1)-Yw(i¢(
diz(i)=2Zw(i+1)-Zw(i¢(

end

Rx(N)=(X(a,b,c)-0.5*(Xw(N)+1¢((
Ry(N)=(Y(a,b,c)-(0.5*(Yw(N)+21¢(((
Rz(N)=(Z(a,b,c)-(0.5*(Zw(N)+1(((



dIX(N)=-Xw(N)+1¢
dly(N)=-Yw(N)+1¢
dlz(N)=-Zw(N)+1¢

_______ _— _—_ _— — 9%
_______ _— _—_ _— — 9%
fori=1:N
Xcross(i)=(dly(i).*Rz(i))-(dIz(i). *Ry(i¢((
Ycross(i)=(dlz(i). *Rx(i))-(dIx(i). *Rz(i¢((
Zcross(i)=(dIx(i).*Ry(i))-(dly(i). *Rx(i¢((
R(i)=sqrt(Rx(i)."2+Ry(i)."2+Rz(i)."2(
end
______ —_ — — —_— 9%
_______ _—_ _—_ — — 9%
Bx1=(1*u0./(4*pi*(R."3))).*Xcross
By1=(1*u0./(4*pi*(R."3))).*Ycross:
Bz1=(1*u0./(4*pi*(R."3))).*Zcross*
_______ _—_ —_—— _—— _— 9%
______ _— —_— —— _— 9%
BX(a,b,c)=0; % Initialize sum magnetic field to be zero first
BY(a,b,c)=0¢
BZ(a,b,c)=0¢
_______ _—_ _—_ — — %
_______ _— _—_ _— — 9%
fori=1:N % loop over all current elements along LINE
BX(a,b,c)=BX(a,b,c)+Bx1(i¢(
BY(a,b,c)=BY(a,b,c)+Byl(i(
BZ(a,b,c)=BZ(a,b,c)+Bz1(i¢(
end
______ — — —- — %
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end
end
end

-------------- %uVvisualizing the result
figure(1(

quiver3(X,Y,Z,BX,BY,BZ,2¢(

hold on

line([-5 5],[0 0], [0 0],'linewidth",3,'color’,'re(’
axis([-100 100 -100 100([

Xlabel("X-axis', 'fontsize',14(

Ylabel("Y-axis', fontsize',14(
Zlabel('Z-axis','fontsize’, 14(

title('B-field of a current wire along X-axis', fontsize',14(
h=gca

set(h,'FontSize',14(

fh = figure(1 «(

set(fh, 'color', 'white ¢('

figure(2(
quiver(Y((Nx-1)/2,:,:),Z((Nx-1)/2,:,:),BY((Nx-1)/2,:,:),BZ((Nx-
1)/2,:,),2¢(

hold on

G1=plot(0,0,".",'markersize',6¢(
set(G1,'MarkerEdgeColor','r('

axis([ -100 100 -100 100([
Xlabel("Y-axis','fontsize', 14(
Ylabel('Z-axis','fontsize',14(

title('B-field YZ plane','fontsize',14(

h=gca ¢

set(h,'"FontSize',14(
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h = get(gca, 'ylabels('

fh = figure(2 «(

set(fh, 'color', 'white ¢('

_______ — — —— —— 9%

%o------ %
---%TRANSMISSION LINE is in the X-Y plane and Magnetic Field is
Evaluated%o-------------

------------- %at every point in the Y-Z plane(X=0%-- (
%o------ %
Nz=51; % No. of grids in Z-axis

Ny=51; % No. of grids in Y-axis

N=25; % No of grids in the coil ( X-Y plane(

Ra=10; % Radius of the coil in the X-Y plane

I=500;: % current in the coil

u0=1; % for simplicity, u0 is taken as 1 (permitivity (
phi=-pi/2:2*pi/(N-1):3*pi/2; % Fordescribing a circle (coil(
Xc=Ra*cos(phi); % X-coordinates of the coil
Yc=Ra*sin(phi); % Y-coordinates of the coll
yp(1:51)=-25:1:25; % Y-coordinates of the plane
zp(1:51)=0:1:50;% Z-coordinates of the plane
Y(1:Ny,1:Nz)=0; % This array is for 1-d to 2-d conversion of coordinates
Z(1:Ny,1:Nz)=0¢
for i=1:Ny

Y(i,:))=yp(i); % all y-coordinates value in 2-d form
end
fori=1:Nz

Z(:,1)=zp(i);% all z-coordinates value in 2-d form
end
%%SUB-FIEL FOR FIGURS
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clc
clear all

E=zeros(3,50¢(

E_0=8.85e-21¢

ii=1¢

fori=2:0.1.7
tmp_mat=zeros(3,1¢(
tmp_mat=cal(i)./(2*pi*E_0*i¢(

E(1:3,i))=tmp_mat:

li=ii+1¢
end
axesl = axes('YGrid','on...'
" XTick',[22.12.22324252627282933.13.23.334353.6
3.7383944142434445464.74849551525354555.6
5.7 5.8 5.9 5.99999999999999 6.09999999999999 6.19999999999999
6.29999999999999 6.39999999999999 6.49999999999999
6.59999999999999 6.69999999999999 6.79999999999999
6.89999999999999 6.99999999999999 7...[
" XGrid','on¢('
hold(axes1,all('
plot(2:0.1:7,E(1,.),'Marker',"*','"Color',[1 0 O«([
xlabel(*Variation of radius [m«('[
ylabel'GRADIENT- [kv/icms('[
title('"Figure Ones('
%%0%6%%0%%%0% %% %% %% %% % %% %% %% %% % %% % %% %% %0
%%%%%%

figure
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axesl = axes('YGrid','on...¢'

" XTick',[22.1222324252627282933.13.23334353.6
3.7383944142434445464.7484955.1525354555.6
5.7 5.8 5.9 5.99999999999999 6.09999999999999 6.19999999999999
6.29999999999999 6.39999999999999 6.49999999999999
6.59999999999999 6.69999999999999 6.79999999999999
6.89999999999999 6.99999999999999 7...[

" XGrid','on¢('

hold(axes1, all¢("

plot(2:0.1:7,E(2,)),'Marker',"*",'"Color',[0 1 0¢([

xlabel(*Variation of radius [m«('[

ylabel(GRADIENT- [kv/cms([

title('Figure Two('
%%0%6%0%0%%%0%%6%%0%6%%0 %% %0%6%6 %% %% %% %6%%%%%% %%
%%%%%%%

figure

axesl = axes('"YGrid','on...«'

" XTick',[22.12.22.324252627282933.13.23334353.6
3.73.83944142434445464.7484.955.1525.354555.6
5.7 5.8 5.9 5.99999999999999 6.09999999999999 6.19999999999999
6.29999999999999 6.39999999999999 6.49999999999999
6.59999999999999 6.69999999999999 6.79999999999999
6.89999999999999 6.99999999999999 7...[

" XGrid','on¢('

hold(axes1, alls('

plot(2:0.1:7,E(3,:),'Marker',"*","Color',[0 0 1¢([

xlabel('Variation of radius [m¢('[

ylabelGRADIENT- [kv/icms('[

title('Figure Threes('
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