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Theory of Magnetism

To understand the magnetic behavior of material , it's
necessary to take a microscopic view of matter. A suitable
starting point is the composition of the atom , which Bohr
described as consisting of a heavy nucleus and a number of
electrons moving around the nucleus in specific orbits. Closer
investigations reveal that the atom of any substance experience a
torque when placed in a magnetic field; this is called a magnetic
moment. The resultant magnetic moment of an atom depends
atom three factors-the positive charge of the nucleus spinning on
its axis, the negative charge of the electrons spinning on its axis,
and the effect of the electrons moving in their orbits. The
magnetic moment of the spin and orbital motions of the
electrons far exceeds that of the spinning proton. However, this
magnetic moment can be affected by the presence of an adjacent
atom. Accordingly , if two hydrogen atoms are combined to
form a hydrogen molecule, it is found that the electron spins, the
proton spins, and the orbital motions of the electrons of each
atom oppose each other so that a resultant magnetic moment of
zero should be excepted although this is almost the case |,
experiment reveals that the relative permeability of hydrogen is
not equal to 1 but rather id very slightly less than unity in other
words , the molecular reaction is such that when hydrogen is the
medium there is a slight decrease in the magnetic field



compared with free space. This behavior occurs because there is
a processional motion of all rotating charge about the field
direction, and the effect direction, and of this precession is to set
up a field opposed to the applied field regardless of the direction
of spin or orbital motion. Materials in which this behavior
manifests itself are called diamagnetic for obvious reasons.
Besides hydrogen, other materials possessing this characteristic
are silver and copper.

Continuing further with the hydrogen molecule, let us assume
next that it is made to lose an electron, thus yielding the
hydrogen ion. Clearly, complete neutralization of the spin and
orbital electrons motions no longer takes place. In fact, when a
magnetic fields is applied, the ion is sooriented that is net
magnetic moment aligns itself with thefield, thereby causing a
slight increase in flux density.
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Power Stations

There are five source of energy which together account for
nearly all the worlds electricity.

They are coal, oil and nuclear plants use the steam cycle to turn
heat into electrical energy, in the following way. The steam
power stations used very pure water in a closed cycle. First it is
heated in the boilers to produce steam at high pressure and high
temperature, typically 150 atmospheres and 550C in a modern
station. This high-pressure steam drives the turbines which in
turn drive the electric generators, to which they are directly
coupled. The maximum amount of energy will be transferred
from the steam to the turbines only if the latter are allowed to
exhaust at a very low pressure, ideally a vacuum. this can be
achieved by condensing the outlet steam into water. The water is
then pumped back into the boilers and the cycles begin again. At
the condensing stage a large quantity of heat has to extract from
the system. This heat removed in the condenser which is a form
of heat exchanger. A much larger quantity of cold impure water
cold impure water enters on side of the condenser and leaves as
warm water, having extracted enough heat from the exhaust
steam to condense it back into water. At no point must the two
water system mix. At a coastal site the warmed impure water is
simply returned to the sea at a point a short distance away. A
2GW station needs about 60 tons of sea water each second. This
IS no problem on the coast, but inland very few sites could
supply so much water all the year round. The alternative is to



recirculate the impure water. Cooling towers are used to cool the
Impure water so that it can be returned to the condensers, the
same water being cycle continuously. A cooling tower is the
familiar concrete structure like a very broad chimney and acts in
a similar way, in that it induces a natural draught. A large
volume of air is drawn in round the base and leaves through the
open top. The warm, impure water is sprayed in to the interior of
the tower from a large number of fine jets, and as falls it is
cooled by the rising air, finally being collected in a pond under
the tower. The cooling tower is really a second heat exchanger
where the heat in the impure water id passed to the atmospheric
air.
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Electrical Insulation

Insulation is required to keep electrical conductors separated
from each other and from other nearby objects. Ideally,
insulation should be totally no conducting, for then currents are
totally restricted to the intended conductors. However insulation
does conduct some current and so must be regarded as a material
of very high resistivity. In many applications, the current flow
due to conduction through the insulation is so small that it may
be entirely neglected. In some instances to the conduction
current, measured by very sensitive instrument, serve as a test to
determine the suitability of the insulation for use in service.

Although insulating material are very stable under ordinary
circumstance, they may change radically in characteristic under
extreme condition of voltage stress or temperature or under the
action of certain chemicals. Such changes may, in local regions,
result in the insulating material becoming highly conductive.
Unwanted current flow brings about intense heating and the
rapid destruction of the insulting material. These insulation
failures account for a high percentage of the equipment trouble
on electric-power system. The selections of proper materials, the
choice of proper shapes and dimensions, and the control of
destructive agencies are some of the problems of the insulation-
system designer.

Many different materials are used a insulation of electric-power
system. The choice of material is dictated by the requirements of



the particular application and by cost. In residences, the
conductors used in branch circuits and in the cords to appliances
may be insulated with rubber or plastic of several different
kinds. Such material can withstand necessary bending, are
relativity stable in characteristics, and are inexpensive. They are
subjected to relativity low electrical stress.

High-voltage cables are subjected to extreme voltage stress; in
some cases several hundred kilovolts are impressed across a few
centimeter of insulation. They must be manufactured in long
sections, and must be sufficiently flexible as to permit pulling
into ducts of small cross section. The insulation may be oil-
iImpregnated paper, varnished cambric, or synthetic materials
such as polyethylene.
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The Distribution System

Although there is no "typically" Electric power system, a
diagram including the several componentsThat

That are usually to be found in the makeup of such a system is
shown in figure 4-1; particular attention should be paid to those
elements which will make up the component under
discussion, the distribution system

While the energy flow is obviously from the power generating
plant to the consumer, it may be more informative for our
purpose to reverse the direction of observation and consider
event from the consumer back to the generating source.

Energy is consumer by users at a nominal utilization voltage that
may range generally from 110 to 125 V, and from 220 to 250 V,
the nominal figure are 227 and 480 V. it flows through a
metering device that determines the billing for the consumer,
but which may also serve to obtain data useful later for planning
design, and operating purpose. The metering equipment usually
includes a means of disconnecting the consumer from the
incoming supply should this become necessary for any reason.

They energy flows through conductor to the meter from the
secondary main (if any); these conductor are referred to as the
consumer's service, or sometimes also as the service drop.



Several services are connected to the secondary mains; the
secondary mains now serve as a path to the several services
from the distribution transformers which supply them.

At the transformer, the voltage of the energy being delivered is
reduced to the utilization voltage values from higher primary
line voltages that may range from 2200 V to as high as 46,000
V.

The transformer is protected from overloads and faults by fuses
or so-called weak links on the high-voltage side; the later also
usually include circuit-breaking devices on the low-voltage, side
operate only if the condition is caused by faults or overloads in
the secondary mains, services, or consumers premises; the
primary fuse or weak link, in addition, operates in the event of a
failure within the transformer itself.

If the transformer is situated on an overheads system, it is also
protected from lighting or line voltage surges by a surge arrester,
which drains the voltage surge to ground before it can do
damage to the transformer.

The transformer is connected to the primary circuit, which may
be a lateral or spur consisting of one phase of the usual three-
phase primary main. this is done usually through a line or
sectionalizing fuse whose function is to disconnect the lateral
from the main in the event of fault or overload in the lateral
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Protective Device

For the distribution system to function satisfactorily, fault on
any part of it must be isolated or disconnected from the rest of
the system as quickly as possible; indeed, if possible, they
should be prevented from happing. The principal devices to
accomplish this include fuses, automatic sectionalizes recloses,



circuit, breaks, and lighting or surge arresters. Success, however, depend
on their coordination so that their operations do not conflict with each
other. Figure 5-1 indicates where these devices are connects on the
system.

Fuses

Time-Current characteristics.A fuse consist basically of a metallic
element that melts when ‘'excessive’ current flows through it. The
magnitude of the excessive current will vary inversely with its duration.
This time-current characteristic is determined not only by the type of
metal used and its dimension (including its configuration), but also on
the type of its enclosure and holder. The latter not only affect the
melting time, but in addition, affect there are clearing time. The clearing
time of the fuse, then , is the sum of the melting time and the arc
clearing time. Refer to figure 5-1 and 5-2 Note that for curve a; the fuse
with the characteristic b is therefore referred to as a 'fast' fuse, compared
with the fuse of curve a.

Fuses are rated in terms of voltage, normal current-carrying ability, and
interruption characteristics usually shown by time-current curves. Each
curve actually represents a band between a minimum and a maximum
clearing time for a particular fuse.

Fuse coordination. The number, rating, and type of the interrupting
devices shown in figure 5-1 depend on the system voltage, normal
current maximum fault current, the sections and equipment connected to
them, and other local conditions. The devices are usually located at
branch intersections and at other key point. When two or more such
devices are employed in a circuit, they will be coordinated so that only
the faulted portion will be deenergiz
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