Unit 1

Section One: Reading Comprehension

Theory of Magnetism

To understand the magnetic behavior of materials, it is 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 investigation
reveals that the atom of any substance experiences a torque when placed in a
magnetic field; this is called a magnetic moment. The resultant magnetic
moment of an atom depends upon three factors — the positive charge of the
nucleus spinning on its axis, the negative charge of the electron 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 electron 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 expected. Although
this is almost the case, experiment reveals that the relative permeability of

hydrogen is not equal to | but rather is very slightly less than unity. In other
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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 precessional motion of all rotating charges about the
field direction, and the effect 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 electron motions no longer takes place. In
fact, when a magnetic field is applied, the ion is so oriented that its net magnetic
moment aligns itself with the field, thereby causing a slight increase in flux
density. This behavior is described as paramagnetism and is characteristic of
such materials as aluminum and platinum. Paramagnetic materials have a

relative permeability slightly in excess of unity.

So far we have considered those elements whose magnetic properties
differ only very slightly from those of free space. As a matter of fact the vast
majority of materials fall within this category. However, there is one class of
materials — principally iron and its alloys with nickel, cobalt, and aluminum —

for which the relative permeability is very many times greater than that of free



space. These materials are called ferromagnetic and are of great importance in
electrical engineering. We may ask at this point why iron (and its alloys) is so
very much more magnetic than other elements. Essentially, the answer is
provided by the domain theory of magnetism. Like all metals, iron is crystalline
in structure with the atoms arranged in a space lattice. However, domains are
subcrystallineparticles of varying sizes and shapes containing about 10™ atoms
in a volume of approximately 10 cubic centimeters. The distinguishing feature
of the domain is that the magnetic moments of its constituent atoms are all
aligned in the same direction. Thus in a ferromagnetic material, not only must
there exist a magnetic moment due to a nonneutralized spin of an electron in an
inner orbit, but also the resultant spin of all neighboring atoms in the domain

must be parallel.
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Figure1-1. Representation of a Ferromagnetic Crystal: (a) Unmagnetized and (b) Fully Magnetized
by the Field H.



It would seem by the explanation so far that, if iron is composed of
completely magnetized domains, then the iron should be in a state of complete
magnetization throughout the body of material even without the application of a
magnetizing force. Actually, this is not the case, because the domains act
independently of each other, and for a specimen of unmagnetized iron these
domains are aligned haphazardly in all directions so that the net magnetic
moment is zero over the specimen. Figure 1-1 illustrates the situation
diagrammatically in a simplified fashion. Because of the crystal lattice structure
of iron the ‘easy’ direction of domain alignment can take place in any one of six
direction — left, right, up, or in — depending upon the direction of the applied
magnetizing force. Figure 1-1 (a) shows the unmagnetized configuration. Figure
1-1 (b) depicts the result of applying a force from left to right of such magnitude
as to effect alignment of all the domains. When this state is reached the iron is
said to be saturated — there is no further increase in flux density over that of free

space for further increases in magnetizing force.

Large increases in the temperature of a magnetized piece of iron bring
about a decrease in its magnetizing capability. The temperature increase
enforces the agitation existing between atoms until at a temperature of 750°C
the agitation is so server that it destroys the parallelism existing between the

magnetic moments of the neighboring atoms of the domain and thereby causes



it to lose its magnetic property. The temperature at which this occurs is called

the curie point.

Part 1. Comprehension Exercises

A. Put ""T" for true and "'F"* for false statements. Justify your answers.

...... 1. With his atomic theory, Bohr contributed to the understanding of the

magnetic behavior of materials.

..... 2. The atoms of a substance, if placed in a magnetic field, are subject to

a torque.
...... 3. Platinum is a diamagnetic material.

...... 4. In ferromagnetic materials, the magnetic moments of large groups of

atoms are aligned forming magnetic domains.

...... 5. In an unmagnetized ferromagnetic material, the domains are aligned

in different directions.

...... 6.The magnetic properties of iron increase with an increase in

temperature.

B. Mark the choice that best answers the question.
1. Permeability of silver is less than unity ....... :
a. because of its atoms setting up a field against the applied field

b. because of its molecules rotating about the applied field



C.

d.

due to the precessional spin of its positive charges

due to the orbital motions of its negative charges

. It s true that ....... .

paramagnetic materials provide a small penetration of the

magnetic field

. paramagnetic materials provide a great penetration of the magnetic

field

. the resultant magnetic moment of an atom depends on its spinning

axis

. the resultant magnetic moment of an atom depends on the nucleus

spinning on its axis

. According to thetext, .................... :

a.

two atoms of hydrogen, If combined, pronounce a permeability

greater than 1

. two atoms of hydrogen, If combined, give rise to a high magnetic

moment

. diamagnetic materials have magnetic properties more than those of

free space

. diamagnetic materials have magnetic properties less than those of

free space

. Paramagnetism is based on the fact that the magnetic moment of a

paramagnetic material, when placed in a magnetic field, ...... :
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a. results in a decrease in flux density
b. lines up with the field
c. isequalto 1
d. is low compared with free space
5. The magnetic properties of diamagnetic and paramagnetic materials
....... those of free space.
a. are greater than c. differ slightly form
b. are smaller than d. differ greatly from
6. The abnormal magnetic properties of iron may be caused by ...... :
a. the magnetic moment resulting from an inner orbital spin of a
nonneutralized electron
b. the parallelism of the resultant spin of all neighboring atoms in the
domain
c. the domains oriented at random with their axes pointing in various
directions
d. bothaandb
C. Answer the following questions orally.
1. What is called a magnetic moment?
2. What does the resultant magnetic moment of an atom depend on?
3. How do adjacent atoms affect the magnetic moment of each other?
4. How does the magnetic behavior of materials differ?

5. Why does platinum have the characteristic of paramagnetism?
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6. What form the domains in ferromagnetic materials?
7. What causes the alignment of the magnetic domains in iron?

8. What is called the curie point?
Part Il. Language practice

A. Choose a, b, ¢, or d which best completes each item.

1. Copper is ....... material,therefore, it exhibits a relative permeability
slightly less than unity.
a. aparamagnetic C. apermeable
b. a diamagnetic d. a neutral

2. lron provides a great penetration of the magnetic field, that is, its
....... IS many times greater that of free space.
a. magnetic flux c. relative permeability
b. atomic composition d. magnetic moment

3. Elements and metals which have slight magnetic properties are called
............. materials.
a. magnetic c. diamagnetic
b. metallic d. paramagnetic

4. Iron and some of its alloys have an appreciable magnetic permeability.
These materials are called ....... .
a. ferromagnetic C. paramagnetic

b. diamagnetic  d. magnetic



5. The state of ........... is reached when all the magnetic domains are
aligned in one direction.
a. magnetization c. flux density
b. saturation d. neutralization
B. Fill in the blanks with the appropriate form of the words given.
1. Magnet
a. Maxwell showed that some of the properties of ...... may be
compared to a flow.
b. Lines of flux are conventionally said to leave a ...... material at the
north pole and re-enter at the south pole.
c. Ifthe ....... field is produced by a solenoid, we will have the same

representation of lines of flux, but with the solenoid taking the

place ofa....... :
2. Permeate
a. Relative ....... IS a pure number that is the same in all unit systems:
the value and dimension of absolute ....... depend upon the system

of units employed.
b. A...... Is an apparatus used for determining corresponding values
of magnetizing force and flux density in a test specimen.
3. Move
a. When a conductor is ...... through a magnetic field in such a way as

to cut the magnetic lines, an emf is generated in the conductor.
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b. A moving-conductor microphone is a microphone the electric

output of which results from the ...... of a conductor in a magnetic
field.
c. In a moving-conductor loudspeaker, the ....... conductor is in the

form of a coil connected to the source of electric energy.

4. Rotate
a. The most important parts of a dc motor are the......., the stator, and
the brushgear.
b. A....... converter combines both motor and generator action in one

armature winding connected to both a commutator and slip rings,
and is exited by one magnetic field.
c. A rotary generator is an alternating-current generator adapted to be
....... by a motor or prime mover.
5. Saturate
a. A magnetic-core reactor operating in the region of saturation
without independent control means is known as ....... reactor.
b. A ........ sleeve is a flexible tubular product made from cotton and
coated with an electrical insulating material.
C. Saturation induction is sometimes referred to as ....... flux density.
C. Fill in the blanks with the following words.
inductance  element circuit way

discovered treated flux it
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changing current from

Inductance is a characteristic of magnetic fields, and it was first ...... by
Faraday in his renowned experiments of 1831. In a general .....
inductancecan be characterized as that property of a circuit ...... by which
energy is capable of being stored in a magnetic ...... field. A significant
and distinguishing feature of inductance, however, is that ...... makes
itself felt in a circuit only when there is a/an ...... current or flux. Thus,
although a circuit element may have ...... by virtue of its geometrical and
magnetic properties, its presence in the ...... is not exhibited unless there
IS a time rate of change of ...... . This aspect of inductance is particularly
stressed when we consider it ...... the circuit viewpoint. However, for the
sake of completeness, inductance is also ....... from an energy and a
physical view.

. Put the following sentences in the right order to form a paragraph.

Write the corresponding letters in the boxes provided.

a. Transformers are to be found in such varied application as radio and

television receivers and electrical power distribution circuits.

b. An understanding of electromagnetism is essential to the study of
electrical engineering because it is the key to the operation of a great part

of the electrical apparatus found in industry as well as the home.
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c. Similarly, static transformers provide the means for converting energy
from one electrical system to another though the medium of a magnetic

field.

d. Other important devices — for example, circuit breakers, automatic
switches, relays, and magnetic amplifiers — require the presence of a

confined magnetic field for their proper operation.

e. All electric motors and generators, ranging in size from the fractional
horsepower units found in home appliances to the 25,000-hp giants used in
some industries, depend upon the electromagnetic field as the coupling
device permitting interchange of energy between an electrical system and a

mechanical system and vice versa.

Real transformers

Real transformers, as opposed to the ideal kind, have many nonidealities. These

include nonperfect coupling to the core, core losses, and saturation.

Nonperfect coupling to the core can come about because of coupling to

the air. In figure 1-2, the magnetic flux in the core set up by one winding

doesn’t “‘want’ to make the right-angled bend, and a small portion of it escapes
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into air. Similarly, in a gdpped core, |the flux is forced to go through a small air
gap and some of it does not return to the magnetic material on the other side of
the gap, but rather continues out into the air, finding another path for is return.
And in a toroid, although the flux is theoretically perfectly coupled to the core,
in reality there is always a little bit of nonsymmetry in the winding, and this too
causes a tiny bit of coupling to the air. Using the electrical analogy, the circuit
of Figure 1-2 could be modeled as shown in Figure 1-3.

Figure 1-2.Not all of the Flux Goes Through the Core, Some Goes Through the Air.

Because the Core Has Finite Permeability.

Figure 1-3. The Core in Figure 1-2 Can Be Modeled With the Electrical Analogy.

The voltage driving the first winding ‘looks like’ a current source in the
analogy. The permeability of the core ‘looks like’ a conductance, so it is
modeled as a resistor, with a resistance value that is the inverse of the
permeability (1/3000). The resulting voltage (which is what the flux looks
like’) is transformed back into a current source on the other side of the core.
This reflected current then goes through both the core (resistance = inverse of
permeability = 1/3000) and the air [resistance = 1/ (the permeability of air), i.e.,
1]. The analog of this is that the flux goes through the core and also through the
air, with the relative amounts determined by the permeabilities of the two:
3000/3001 of the flux goes through the core, and 1/3001 of the flux goes

through the air.
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The part of the flux that goes through the air is called the leakage: in the
analogy, some part of the current doesn’t go through the core ‘resistor’, so the
voltage developed across the second winding is smaller than that generated by
the primary winding. (The resistors are in parallel, and so the current generates
a smaller voltage.) Since some of the flux is not coupled to the secondary, we
can now go back and modify our original model of an ideal transformer to take
account of this imperfect coupling. In the resulting schematic (Figure 1-4), we
still have the perfect transformer in the center of the model. In series with the
primary we are showing leakage inductance. The validity of this model is not
affected by whether it is shown in the primary or secondary, since it is just
subtracting from the voltage that appears on the secondary; here it is shown on
the primary side.

Figure 1-4. A Real Transformer Has Magnetizing Inductance and Leakage Inductance, Both

of Which Interfere With Its Ideal Transformer Action.

Core Materials

Another aspect of a real transformer (or inductor) is its use of real core
materials. Not only do real core materials have finite permeability, they have
losses, they saturate, and at least some types have permeability, losses, and
other properties that are temperature-dependent! Incorporating all these factors

properly requires some experience and knowledge.

Saturation
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Saturation is what happens to a core when it has more than a certain flux
density: its permeability is reduced from a high value to approximately 1. This
in turn means a radical reduction in inductance, which would clearly be
disastrous in some circuits; complete saturation of a core is thus to be avoided in

MOSt cases.

‘Saturation’ has a fairly clear meaning for ferrites and steel laminations,
because the core saturates rather abruptly: an extra oersted or two of flux
density, and suddenly the permeability plummets (but bear in mind that even for

these materials saturation flux density is a function of temperature).
Comprehension Exercises

A. Mark the choice that best answers the question.
1. The second paragraph mainly discusses ....... :
a. factors resulting in the magnetic flux coupling
b. air as a crucial agent causing imperfect coupling
c. factors leading to coupling deficiency
d. aperfectly coupled flux in a toroid
2. Which of the following is true, according to the passage?
a. The current source in the circuit is considered analogous to the
voltage in the first winding of the transformer.
b. The resistor in the circuit is considered analogous to the voltage in
the second winding of the transformer.
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C.

d.

The resistance value of the resistor is proportional to the core
permeability.
The current going through the core and the air is proportional to

the flux going through them.

3. Which one of the following questions has the author sought to

answer?

a.

b.

d.

Does inductance go as the square of the number of turns?
If the primary has a leakage inductance of 1puH, would this appear

as 4uH on the secondary?

. Does leakage inductance cause the same percentage voltage drop

on either side of the transformer?

Is part of the flux that goes through the air called leakage?

4. Tt may be inferred from the text that ...... :

a.

leakage inductance caused by air coupling is constant with flux

density

. leakage inductance is caused by coupling through the air, not the

core

. the permeability of air is one, so it can be used to generate high

inductance

. the leakage inductance of a transformer depends on the material on

which the windings are wound

5. We may guess from the context that the term ‘abruptly’ means ...... :
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a. sharply c. deliberately
b. absolutely d. densely
6. Which conclusion is supported in the passage?
a. Complete saturation of a core never occurs.
b. Reduction in inductance is usually an advantage.
c. Inductance is directly proportional permeability.
d. Ferrites and steel laminations saturate gradually.
B. Write the answer to the following question.
1. How are ideal transformers distinguished from real ones?
2. What is a gapped core?
3. Why is the resistance value in inverse proportion to the permeability?
4. What makes the use of core materials in magnetic designs so crucial?
5. What does saturation refer to?
6. How does saturation affect permeability?

A. Translate the following passage into Persian.

Magnetostatics
Amongst the oldest and easiest to observe scientific phenomena are those of
magnetism. The subject of bar magnets and magnetic poles is given the name of
magnetostatics by analogy with electrostatics. Magnetic phenomena, such as

poles and the fields they produce, can be explained in terms of fields due to
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electric currents. Thinking on the atomic scale, the electrons which circulate
round the heavy central positive nucleus constitute a current. So each orbiting
electron produces a magnetic field. In general, the orbits of the electrons are
disposed in random planes in space and so the net magnetic field is zero. Should
a suitable stimulus be applied, the orbits can be aligned so that their magnetic
fields are in the same direction. In some materials the orbits, once aligned, stay
that way and these are the materials which produce permanent magnets. In other
materials the orbits return to their random dispositions once the stimulus is
removed — these are the materials used as electromagnets. For a given stimulus,
they produce a greater field then the materials used for permanent magnets. It
should be mentioned at this stage that ability to produce a high field is not the
only factor to be considered when deciding upon a material to be used for an
electromagnet; there are problems of energy loss to be considered if the state of
magnetization is to be changed frequently.
B. Find the Persian equivalents of the following terms and expressions
and write them in the spaces provided.
1. agitate ...

2. alloY. .. eoeeeeenr,

5. brushgear......................

6. CIrCUIt......................
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7. commutator

8. compass needle

9. compose ...

10.couplingdevice
11.crystalline
12.depict

13.diamagnetic

14.dispose

15.domain ...

16.electrostatic

17.exert on ..

18.ferromagnetic
19.gravity........ccceveieiieeeee,

20.lattice ...l

21.magnetic amplifier.................

22.magnetic induction

23.magnetic moment

24.manifest ...l

25.mineral ...

26.neutralize

27.nucleus .

28.orbit ...

....................

---------------

......................

......

.........

....................

.....

..............

...............
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......................



29.permeability
30.precession L
3l.random
R2.repel
33.saturate
34.sleeve
35.specimen
36.spin
37.stator
38.stimulus
39.suspend
40.torque
41.transformer.......................

42.Vvacuum e,
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