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FUNDAMENTALS OF ELECTRICI TY

1. LEARNI NG OBJECTI VES:

a. Termnal Learning Cbjective: Gven a schematic, a faulty
generator set electrical system and applicable tools and test
equi pnent, with the aid of references, repair the generator set
el ectrical systemso that it functions properly in accordance
with the appropriate equi pnment technical manual . (1141.03.04)

b. Enabling Learning Ohjectives:

(1) Gven electrical ternms and characteristics,
identify the characteristic of each electrical termin accordance
with FM 11-60 and FM 11-61. (1141.03.04a)

(2) Gven the resistance per 1000 ft. of wire, the
length of wire, and the current noving through the wire, conpute
the voltage drop caused by the wire in accordance with FM 11-60.
(1141. 03. 04b)

(3) Gven a list of electrical synbols and a list of
el ectrical conmponents, match each synmbol to its conponent in
accordance with Electricity Concepts Unit 1. (1141.03.04c)

(4) Gven a list of operating characteristics,
identify the characteristics that apply to the operation of a
relay, in accordance with FM 11-60. (1141.03.04d)

(5) Provided with an electricity concepts trainer,
multineter, |ab manual, and a constructed circuit, nmeasure the
vol tage across the circuit, in accordance with Electricity
Concepts Unit 1. (1141.03.04e)

(6) Provided with an electricity concepts trainer,
mul tinmeter, |ab manual, and a constructed circuit, neasure the
resistance of the circuit, in accordance with Electricity
Concepts Unit 1. (1141.03.04f)

(7) Provided with an electricity concepts trainer,
mul timeter, |lab manual, and a constructed circuit, neasure the
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current through the circuit, in accordance with Electricity
Concepts Unit 1. (1141.03.04Q)

(8) Gven a description of an operating circuit and
the anperage rating of a circuit breaker |, identify whether the
circuit breaker will allow current to flow or not in accordance
with FM 11-60. (1141.03.04h)

(9) Wthout the aid of references, identify the
pur pose of grounding electrical equipnment, in accordance with FM
11-60 and MOl 11.41a. (1141.03.04i)

(10) Provided a selection of definitions, wthout the
aid of references, identify the correct definition for a cycle,
in accordance with FM 5-424. (1141.03. 04j)

(11) Provided a selection of definitions, wthout the
aid of references, identify the correct definition for frequency,
in accordance with FM 5-424. (1141.03. 04k)

(12) Provided a selection of definitions, wthout the
aid of references, identify the correct definition for the effect
of inductance on alternating current, in accordance with FM 5-
424. (1141.03.041)

(13) Provided a selection of definitions, wthout the
aid of references, identify the correct definition for the effect
of capacitance on alternating current, in accordance with FM 5-
424. (1141.03.04m

BODY
1. The Structure of Matter: Matter is defined as anything that

occupi es space and has weight. Matter may be found in any one of
three states: solid, liquid, and gaseous.

EXAVPLE: Matter is air, water, autonobiles, clothing, and even
our own bodi es.

a. Elements: An elenment is a substance that cannot be
reduced to a sinpler substance by chemical nmeans. There are over
100 known elenents. Al the different substances we know about
are conposed of one or nore of these el ements.

EXAMPLE: Iron, gold, silver, copper, and oxygen

b. Compounds: A conpound is a chem cal conbi nati on of
el ements that can be separated by chem cal but not by physica
neans.

EXAMPLE: Water, which consists of hydrogen and oxygen, and table
salt, which consists of sodium and chl ori ne.
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c. Mxtures: A mixture is a physical conbination of elenents
and conpounds that can be separated by physical neans.

EXAMPLE: Air, which is made up of nitrogen, oxygen, carbon
di oxi de, and small anobunts of several rare gases, and sea water,
whi ch consists chiefly of salt and water.

d. Molecules: A nolecule is a chemical conbination of two or
nore atons, (we will talk about atons after we discuss
nmol ecules). In a conmpound the nolecule is the smallest particle
that has all the characteristics of the compound.

EXAMPLE: If we start with a quantity of water, divide this and
pour out one half, and continue this process a sufficient nunber
of tinmes, we will eventually end up with a quantity of water

whi ch cannot be further divided without ceasing to be water. This
quantity is called a nolecule of water. |If this nolecule of
water is divided, instead of two parts of water, there will be
one part of oxygen and two parts of hydrogen (HO0).

e. Atons: Mol ecules are made up of smaller particles called
atons. An atomis the smallest particle of an el enent that
retains the characteristics of that elenent. The atonms of one
el enent, however, differ fromthe atons of all other el enents.
Just as thousands of words can be made by conbi ning the proper
letters of the al phabet, thousands of different materials can be
made by chemically conbining the proper atons.

f. Subatomic Particles: The atonms of each el enent are nade
up of the subatom c particles known as el ectrons, protons, and in
nost cases neutrons which are collectively called subatomc
particles. The electrons, protons, and neutrons of one el ement
are identical to those of any other elenent. The reason there
are different kinds of elenents is that the nunber and the
arrangenent of electrons and protons within the atomare
different for the different el enents.

(1) Electron: The electron is a small negative charge
of electricity.

(2) Proton: The proton has a positive charge of
electricity equal and opposite to the electron. The electron and
proton each have the quantity of charge however; the nmass of the
proton is approximately 1837 tines bigger than that of the
el ectron.

(3) Neutron: In some atons, there exist neutra
particles called neutrons. The neutron has a mass approxi mately
equal to that of the proton, but it has no electrical charge.

g. Shells: The difference between the atons, insofar as
their chem cal activity and stability are concerned, is dependent
upon the nunber and position of the electrons included within the
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atom How are these electrons positioned within the aton? In
general, the electrons reside in groups of orbits called shells.
These shells are elliptically shaped and are assuned to be

| ocated at fixed intervals.

h. Shell Designators: The shells are identified with a
letter designator. Starting with the shell closest to the
nucl eus and progressing outward, the shells are labeled K, L, M
N, O P, and Q respectively. The shells are considered to be

full, or conplete, when they contain the follow ng quantities of
electrons: two in the Kshell, eight in the L shell, eighteen in
the Mshell, and so on. The nunber of electrons in each shell

can be determ ned by using the forrmula 2n2,(n) being the shell
nunber .

EXAMPLE: I n the copper atom which has an atonic nunber of 29,
the K shell has 2 electrons, L has 8 electrons, Mhas 18
el ectrons, and N has 1 electron which totals out to 29.

i. Valence Shell: The outernpst shell of an atomis called
t he val ence shell; and the electrons contained in this shell are
call ed val ence electrons. The valence of an atomdeternines its
ability to gain or lose electrons, which in turn determ nes the
chem cal and el ectrical properties of the atom

2. Electrical Ternms and Characteristics:

In working with electricity, there are several terns that

you will be using. It is inportant that you understand these
terns. These are a few of the nbore common terns that you, as
future 1142's, will need to know.

a. Voltage is a difference of potential of one coul onb of
charge between two points.

b. Current is the flow of electrons through a circuit.
c. Resistance is the opposition to current flow

d. Directed drift is the directed novenent of el ectrons due
to a potential difference.

e. Randomdrift is the haphazard novenent of el ectrons.
f. Energy is the ability to do work.

(1) Kinetic energy is the energy that a body possesses
by virtue of its notion

(2) Potential energy is the energy due to the position
of one body with respect to anot her body.
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g. Magnetismis the ability of a naterial to attract pieces
of iron.

h. Conductors:

(1) Allow electrons to flow easily through them

(2) Have from 1-3 val ence el ectrons.

(3) Exanples are silver, copper, gold, and al um num
i. Insulators:

(1) Oppose the flow of electrons because insulators do
not allow electrons to nove freely through them

(2) Are usually conmpounds.

(3) Have 5-8 val ence el ectrons.

(4) Exanples are rubber, plastic, enanel, and gl ass.
j . Sem conductors:

(1) Are neither good conductors nor good insul ators.

(2) Have 4 val ence el ectrons.

(3) Exanples are silicon and gernani um

k. The source is the device that provides (supplies)
el ectrical energy to the circuit.

. The conducting path is a route for electrons to foll ow
fromsource to | oad and back to source.

m The load is a device that changes electrical energy into
a nore useful form

n. The switch is a device used to control electrical energy.

0. Power rating is the rate at which a device converts
el ectrical energy into a nore useful form of energy.

p. Direct current is current that only flows in on direction
through a circuit.

3. Conductors, Insulators, Seniconductors: The el ectron theory
states that all matter is conposed of atons and the atons are
conmposed of smaller particles called protons, electrons, and
neutrons. It is the valence electrons that we are nobst concerned
with in electricity. These are the electrons that are easiest to
break | oose fromtheir parent atom

SH5



U-07B01

a. Conductors: Conductive elenments allow el ectrons to nove
freely through them The atons within these materials have from
1-3 electrons in their valence shell. Silver, copper, gold, and
alum numare materials with many free el ectrons and nake good
conductors. Silver is the best conductor followed by copper
gold, and alum num Copper is used nore often because of cost.
Alum numis used where weight is a mjor consideration such as in
hi gh-tension power lines with | ong spans between supports.

Silver is used on different types of contacts such as the |ead
contacts on generators, where good el ectrical conductivity is
required. old is used where oxidation or corrosion is a

consi deration and a good conductivity is required. Conductors
are usually found in the formof wire, but may be in the form of
bars, tubes, or sheets.

b. Insulators: Nonconductive el ements have few free
electrons. There are from5-8 electrons in their val ence shell,
which are held to the atomwith a relatively strong force and
cannot be noved about very easily. Sonme exanples of these
materials are rubber, plastic, enamel, glass, dry wood, paper,
and nmica. These materials are called insulators. They do not
all ow el ectrons to nove freely through them Keep in nmind, there

are no perfect insulators. |f enough electrical pressure is
applied, all insulators will break down and electric current wll
flow.

c. Sem conductors: Sone naterials are neither good
conductors nor good insulators. |If the valence shell is half-
compl ete (contains four electrons), that material is classified
as a sem conductor. Exanples are silicon and germanium which are
used extensively in transistors and other solid-state devices.

d. Electrical Conductivity: The electrical conductivity of
matter is dependent upon the atomic structure of the naterial

fromwhich the conductor is nade. 1In any solid material, such as
copper, the atoms which makes up the nol ecul ar structure are
bound firmy together. At roomtenperature copper will contain a

consi derabl e anount of heat energy. Wen not under the influence
of an external force, these electrons nove in a haphazard manner
wi thin the conductor. When controlled by an external force, the
el ectrons nove generally in the same direction. The effect of
this novenent is felt alnost instantly fromone end of the
conductor to the other. This electron novenent is called an

el ectric current.

4. Electrostatics: Electrostatics is sinply defined as
electricity at rest. Mst of you are famliar with

el ectrostatics, whether you realize it or not. Have you ever
observed the way a person's hair stands on end after a vigorous
rubbi ng? Have you ever wal ked across a carpeted roomonly to
receive a slight shock when you touch the netal doorknob? Well
these are both exanples of the effects of electrostatics.
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a. Hstory of Electrostatics: Interest in the subject of
static electricity can be traced back to the G eeks. Thal es of
M| etus, a G eek phil osopher and mat hemati ci an, discovered that
when an anmber rod is rubbed with fur, the rod has the amazi ng
characteristics of attracting sone very |light objects such as
bits of paper and shavi ngs of wood.

(1) WIlliam G| bert: Around 1600, WIlliam G | bert, an
English scientist, nmade a study of other substances that had been
found to possess qualities of attraction simlar to anber.
Because of Glbert’'s work with electrics, a substance, such as
anber or gl ass, when given a vigorous rubbing was recogni zed as
being electrified or charged with electricity.

(2) Charles Dufay: In 1733, Charles Dufay, a French
scientist, discovered that when a glass rod was rubbed with fur,
both the glass rod and the fur becane electrified. He
systematically placed the glass rod and the fur near other
electrified substances and found that certai n substances, which
were attracted to the glass rod, were repelled by the fur, and
vice versa. Fromthese experinents he concluded that there nust
be two exactly opposite kinds of charges.

(3) Benjam n Franklin: Benjam n Franklin, an Anerican
statesman, inventor, and philosopher, is credited with first
using the ternms positive and negative to describe the two
opposite kinds of charges. The charge produced on a glass rod
when it is rubbed with silk, Franklin |abeled positive. He
attached the termnegative to the charge produced on the silk.
Those bodi es that were not electrified or charged, he called
neutr al

b. Static Electricity: In a natural or neutral state, each
atomin a body of matter will have the proper nunber of electrons
in orbit around it. Consequently, the whole body of nmatter
conposed of the neutral atonms will also be electrically neutral
In this state, it is said to have a zero charge.

(1) If however, any electrons are renoved froma body
of matter, nore protons will remain and the whol e body of matter
will becone electrically positive.

(2) Should the positively charged body come in contact
wi th anot her body having a nornmal charge, or having a negative
(too many el ectrons) charge, an electric current will flow
bet ween t hem

(3) Electrons will leave the nore negative body and
enter the positive body. This electron flow w Il continue until
bot h bodi es have equal charges. However, if they are not in
contact, their charges cannot equalize. The existence of such an
el ectric force, where current cannot flow, is referred to as
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static electricity. (Static in this instance neans not noving.)
It is also referred to as an electrostatic force.

(4) One of the easiest ways to create a static charge
is by friction. Wen tw pieces of nmatter are rubbed together
el ectrons can be w ped off one naterial onto the other. Wen
both material s being rubbed together are poor conductors, very
little equalizing current can flow, and an electrostatic charge
buil ds up. However, if the charge becones great enough, current
will flow regardless of the poor conductivity of the naterials.
This current can cause visible sparks and produce a crackling
sound.

c. Nature of Charges: Wien in a natural or neutral state, an
atom has an equal nunber of electrons and protons. Because of
this bal ance, the negative charge of the electrons in orbit is
exactly bal anced by the positive charge of the protons in the
nucl eus, making the atomelectrically neutral.

d. lonization: Wen an atomloses or gains an electron it is
said to be ionized. An atom becones a positive ion whenever it
| oses an el ectron and has an overall positive charge.
Conversely, whenever an atomacquires an extra electron, it
becones a negative ion and has a negative charge.

e. Charged Bodi es: One of the fundanmental |aws of
electricity is that |ike charges repel each other and unlike
charges attract each other

(1) In the atom the negative electrons are drawn
toward the positive protons in the nucleus. This attractive
force is balanced by the electron's centrifugal force caused by
its rotation about the nucl eus.

(2) Electrons repel each other because of their like
negati ve charges, and protons repel each other because of their
i ke positive charges.

f. Coul onbs Law of Charges: The rel ationship between
attracting or repelling charged bodies was first discovered and
witten about by a French scientist naned Charles A Coul onb.

(1) Coul ombs Law states that charged bodies attract or
repel each other with a force that is directly proportional to
t he product of their individual charges and is inversely
proportional to the square of the distance between them

(2) Sinply stated, this nmeans the anmount of attracting
or repelling force which acts between two electrically charged
bodies in free space depends on two things: the strength of their
i ndi vi dual charges and the di stance between t hem
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g. Electric Fields: The space between and around charged
bodies in which their influence is felt is called an electric
field of force. It can exist in air, glass, paper, or a vacuum

(1) Electrostatic fields and dielectric fields are
ot her nanes used to refer to this region of force.

(2) The field about a charged body is represented by
lines that are referred to as electrostatic lines of force.
These lines are imaginary and are used nerely to represent the
direction and strength of the field.

(3) The lines of force exerted by a positive charge
are shown | eaving the charge and for a negative charge they are
shown entering.

5. Magnetism

Magnetismis generally defined as that property of a naterial
that enables it to attract pieces of iron. A material possessing
this property is known as a magnet.

a. Magnetic Materials: The npbst inportant group of materials
connected with electricity and electronics are the ferromagnetic
materials. Ferromagnetic materials are those which are
relatively easy to nagnetize, such as iron, steel, nickel and
cobal t.

(1) Natural Magnets: Magnetic stones such as those
found by the ancient Greeks are considered to be natural magnets.
These stones had the ability to attract snall pieces of iron.
However, the nmagnetic properties attributed to the stones were
products of nature and not the results of the efforts of nan.

Nat ural magnets no | onger have any practical use, for it is now
possible to easily produce nore powerful magnets.

(2) Artificial Magnets: Magnets produced from nmagnetic
materials are called artificial magnets. They can be made in a
vari ety of shapes and sizes and are used extensively in
el ectri cal apparatuses.

(a) Artificial magnets are generally made from
special iron or steel alloys that are usually magnetized
electrically. The material to be magnetized is inserted into a
coil of insulated wire and a heavy force of electrons is passed
t hrough the wire.

(b) Magnets can al so be produced by stroking a
magnetic material with another artificial nmagnet. The forces
causi ng magneti zation are represented by magnetic |ines of force,
very simlar in nature to electrostatic lines of force.

(c) Artificial magnets are usually classified as
permanent or tenporary. The classification is dependent upon
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their ability to retain their nmagnetic properties after the
magneti zi ng force has been renoved.

1 Reluctance: The opposition that a
material offers to the nagnetic |ines of force.

2 Residual Magnetism The anount of
magnetismthat renmmins in a tenporary nagnet.

3 Retentivity: The ability of a material to
retain an amount of residual magnetism

4 Perneability: The ease by which magnetic
lines of force distribute thensel ves throughout the materi al

b. Permanent Magnets: Pernmanent magnets are nade from
subst ances such as hardened steel and certain alloys which retain
a great deal of their nagnetism

(1) Permanent magnets have high rel uctance.
(2) Permanent magnets have | ow perneability.

c. Tenporary Magnhets: Tenporary magnhets are nade of
substances such as soft iron or annealed silicon steel which wll
retain only a small part of its magnetism

(1) Tenporary nmagnets have | ow rel uctance.
(2) Tenporary magnets have high pernmeability.

d. Magnetic Pol es: The magnetic force surroundi ng a nagnet

is not uniform There exists a great concentration of force at

each end of the nagnet and a very weak force at the center

(1) The two ends, which are the regions of
concentrated lines of force, are called the poles of the nmagnet.

(2) Magnets have two nagnetic pol es and both pol es
have equal mmgnetic strength.

(3) The law for magnetic poles are |ike pol es repel
unl i ke poles attract.

e. Magnetic Fields: The space surroundi ng a nagnet where
magnetic forces act is known as the nagnetic field. The nagnetic
field is very strong at the poles and weakens as the distance
fromthe pol es increases.

(1) Lines of force: Magnetic lines of force are

imagi nary lines used to illustrate and describe the pattern of
the magnetic field. The magnetic lines are assuned to enmanate
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fromthe North Pole of a magnet, pass through the surrounding
space, and enter the South Pole, thus conpleting the closed | oop.

(2) Properties of Magnetic Lines of Force
(a) Are continuous and always form cl osed | oops.
(b) WIIl never cross one another

(c) Parallel lines of force traveling in the same
direction repel one another. Parallel lines of force traveling
in opposite directions tend to unite with each other and form
into single lines traveling in a direction determ ned by the
magnetic poles creating the lines of force.

(d) They tend to shorten thensel ves. Therefore,
the magnetic lines of force existing between two unlike pol es,
cause the poles to be pulled together.

(e) WII pass through all materials, both
magneti ¢ and nonmagneti c.

(f) Are nore concentrated at the poles.

f. Magnetic Flux: The total nunber of magnetic |ines of
force leaving or entering the pole of a magnet are call ed
magnetic flux. The intensity of a magnetic field is directly
related to the magnetic force exerted by the field.

g. Magnetic Induction: The magnetic effect of one body on
anot her wi thout any physical contact between themis called
i nduction. Magnetism can be induced in a nmagnetic material by
several neans.

(1) The nmgnetic material may be placed in the
magnetic field.

(2) Brought into contact with a magnet.
(3) Stroked by mmgnet.

h. Magnetic Shielding: There is no known insul ator agai nst
magnetic lines of flux. |If a nonmagnetic nmaterial is placed in a
magnetic field, the flux penetrates the nonmagnetic materi al
The sensitive nmechani sns of electric instrunments and neters can
be influenced by stray nagnetic fields which will cause errors in
their readings. Because these instrunments cannot be insul ated
agai nst magnetic flux, it is necessary to enploy some neans of
directing the flux around the instrunments. This is acconplished
by placing a soft iron case, called a magnetic shield, around the
instrunent. Since the soft iron shield has high perneability,
magnetic lines of flux will be drawn through it shielding an
i nstrunment.
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6. El ectrical Energy:

a. Energy is defined as the ability to do work. |In order to
perform any kind of work, energy nmust be expended (converted from
one formto another). Energy supplies the required force or
power whenever any work is acconpli shed.

(1) Kinetic energy: Energy that a body possesses by
virtue of its notion.

EXAMPLE: When a hammer is set in notion in the direction of a
nail, it possesses energy of notion. As the hammer strikes the
nail, the energy of notion is converted into work as the nail is
driven into the wood.

(2) Potential Energy: Energy due to the position of
one body with respect to another body or to the relative parts of
t he same body.

EXAMPLE: |f the hammer was suspended by a string one foot above
the nail, as a result of gravitational attraction the hamrer
woul d feel a force pulling it dowward. |If the string is cut,
the force of gravity will pull the hanmer down agai nst the nail
driving it into the wood. While the hamer is suspended above
the nail it has the ability to do work because of its elevated
position in the earth's gravitational field. Since energy is the
ability to do work, the hamrer contains energy.

b. Electrical Charges: From our previous discussion of
el ectrostatics, you learned that a field of force exists in the
space surroundi ng any el ectrical charge.

(1) The strength of the field is directly dependent on
the force of the charge.

(2) The charge of one electron is so snmall that it is
impractical to use. The practical unit adopted for measuring
charges is the coul onb, nanmed after the scientist Charles
Coul onb.

(3) One coulonmb is equal to the charge of
6, 280, 000, 000, 000, 000, 000 (six quintillion two hundred and ei ghty
quadrillion) or (6.28 X 10) el ectrons.

c. Voltage: Electrical potential or potential differences
are expressed in volts. Wen a difference of potential of one
coul onb exi sts between two bodies, the difference of potential is
one volt. Volts are the unit of neasure for a difference of
potenti al .

d. Electronotive Force: The force that noves or tends to
nmove electric current. The termis often considered synonynous
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with voltage even though the technical definitions are different.
(The National Electric Code considers the terns interchangeable).

e. Difference of Potential: When a charge or voltage exists
bet ween two bodi es.

(1) Electrical charges are created by the displacenent
of electrons so that there exists an excess of electrons at one
poi nt and a deficiency at another point.

(2) Consequently, a charge nust al ways have either a
negative or a positive polarity.

(a) Alack of electrons has a positive polarity.

(b) An excess of electrons has a negative
polarity.

(3) Adifference of potential can exist between
points, or two bodies, only if they have different charges.

EXAMPLE: |If one body is deficient of 6 coul onbs (representing 6
volts), and the other is deficient by 12 coul onbs (representing
12 volts), there is a difference of potential of 6 volts.

(4) The potentials at various points in a circuit are
general ly neasured with respect to the netal chassis on which al
parts of the circuit are nounted.

(a) The chassis is considered to be at zero
potential and all other potentials are either positive or
negative with respect to the chassis.

(b) When used as the reference point, the chassis
is said to be at ground potenti al.

(5) When a difference in potential exist between two
charged bodi es that are connected by a conductor, electrons will
fl ow al ong the conductor.

(a) This flowis fromthe negatively charged body
to the positively charged body, until the two charges are
equal i zed and the potential difference no | onger exists.

(b) A fundanental |law of electricity is that the
electron flowis directly proportional to the applied voltage.
If the voltage is increased, the flowis increased. |If the
voltage is decreased, the flow is decreased.

7. How Voltage is produced:
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a. To be a practical voltage source, the potential
di fference nmust not be allowed to dissipate, but nust be
mai nt ai ned conti nuously.

b. A voltage source is a device that is capable of supplying
and nmi ntai ni ng voltage while sonme type of electrical lead is
connected to its term nals.

c. At present, there are six known nethods for producing a
voltage or electronotive force (enf). They are friction
pressure, heat, light, chem cal action, and nagnetism W are
going to focus on voltage produced using magneti sm

d. Generators enploy the principle of electromagnetic
i nduction to produce a voltage. Various generators will be
di scussed in detail when we get into the |lesson that covers A C
Characteristics. The inmportant subject to be discussed at this
time is the fundanental operating principle of al
el ectromagneti c i nducti on generators.

(1) There are three fundanental conditions which nust
exi st before a voltage can be produced by nagneti sm

(a) There nust be a closed | oop conductor in
whi ch the voltage will be produced.

(b) There nust be a magnetic field in the
conductors’ vicinity.

(c) There nust be relative notion between the
magnetic field and conductor. The conductor nust be noved so as
to cut across the nmagnetic lines of force or the field nust be
noved so that the lines of force cut across the conductor.

(2) Since voltage and current are produced in the
conductor, they are called induced voltage and i nduced current.
Movi ng a conductor up or down through a magnetic field induces a
vol tage in the conductor

(3) By using the left-hand rule for generators, we can
determine the polarity of the induced voltage and the direction
of current flow.

8. Electric Current:

Current is defined as the directed flow of el ectrons through
acircuit. The direction of electron novenent is froma region
of negative potential to a region of positive potential.
Therefore, electric current can be said to flow from negative to
positive.

a. Directed Drift: The directed novenment of electrons due to
a potential difference is called directed drift.
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(1) Associated with every charged body there is an
electrostatic field. Bodies with Iike charges, repel one another
and bodies with unlike charges, attract each other.

(2) An electron will be affected by an electrostatic
field in exactly the same nanner as any negatively charged body.
It is repelled by a negative charge and attracted by a positive
char ge.

(3) If a conductor has a difference in potenti al
applied across it, electrons will be repelled fromthe negative
ternminal and attracted to the positive terminal. This causes a
nmovenent of el ectrons fromone end of the conductor to the other

(4) Randomdrift is the haphazard novenent of

electrons. |If some form of energy, such as heat, is applied to a
material, sone electrons acquire sufficient energy to nove to a
hi gher energy level. As a result, sone electrons are freed from

their parent atonms, which then becone ions.

b. Magnitude of Current Flow. Current flowis the
terni nol ogy nost comonly used in indicating the directed
novenent of el ectrons. The magnitude of current flowis affected
by the difference in potential applied across a conductor.

(1) If the potential difference is increased, the
electrostatic field will becone stronger and the current will be
i ncreased.

(2) If the difference in potential is decreased, the
electrostatic field will becone weaker and current flow wll
decr ease.

c. Measurenent of Current: Current is nmeasured in anperes,
and the letter used to represent the current flowis a | ower case
a.

(1) A current of one anpere is said to fl ow when one
coul onb of charge passes a point in one second.

(2) Renenber, one coulonb is equal to the charge of
(6.28 X 108) el ectrons.

oppose current flow. Now, we will cover the electrical property
that deals with the opposition to current flow.

9. DETERM NI NG THE VOLTAGE DROP I N A CONDUCTOR

The opposition to current flow is known as resistance.

a. The unit of neasure is the ohm
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b. The synbol used to represent the ohmis the Geek letter
Onega (9).

(1) The standard of neasurenent for one ohmis the
anount of resistance that devel ops 0.24 cal ories of heat when one
anpere flows through a material for one second.

(2) A conductor has one ohm of resistance when an
applied voltage of one volt produces a current of one anpere.

(3) Resistance is deternined by the physical structure
of a material. Mre specifically there are four factors that
affect the resistance of a material:

(a) Physical structure.

(b) Length: The resistance of a length of
conductor is given in ohns per 1000 feet. For the © per 1000
Feet of different size conductors, refer to pp. 3-6 in your
Electricity Concepts Unit 1. The resistance of a |length of
conduct or can be determ ned by the follow ng formul a:

R = ©/1000FEETXLENGHTX2
1000

(x2 conductors, because: There is one per side. One runs from
the source to the |load and the other, then runs fromthe | oad
back to the source)

1 By using this formula, we will see that
as the length is doubled the resistance is doubl ed.

EXAMPLE: If we take a length of #8 conductor, 50' long, with a

resi stance of .628 ohns per 1000 feet, it will have a resistance
of

R = 0. 628X50X2

1000
Step One: Step Two: Step Three:
. 628 31.4 62. 8+1000=0. 0628
x50 X2 :
31.4 62.8

R=0. 0628Q
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2 If we now double the Iength of the
conductor, the resistance i s doubl ed.

R = 0. 628X100X2

1000
Step One: Step Two: Step Three:
. 628 62. 8 125. 6+1000=0. 1256
x100 X2
62. 8 125. 6

R=0. 1256Q

3 Chnmls Law (which will be covered |ater)
states that a precise relationship exists between current,
voltage, and resistance. |If you calculate the resistance in a
conduct or and you know how nmuch current is flow ng through the
conductor, then you can cal cul ate the anount of voltage drop of
the conductor by sinply nultiplying the current and the
resi stance.

EXAMPLE: Using the resistance of the first conductor (.0628Q)

with 50a of current, the voltage drop across the conductor woul d
be:

R = 0. 628X50X2 X50a=3. 14v

1000
Step One: Step Two: Step Three:
. 628 31.4 62. 8+1000=0. 0628
x50 X2
31.4 62. 8
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Step Four:

. 0628 Vol tage Drop is: 3.14v
x50
3.14

EXAMPLE: Using the resistance of the second conductor (.1256Q)
with 50a of current, again, the voltage drop is equal to:

R = 0. 628X100X2 X50a=6. 28v

1000
Step One: Step Two: Step Three:
0. 628 62.8 125. 6+1000=0. 1256
x100 X2
62.8 125. 6
Step Four:
0. 1256
x50 Vol tage Drop is: 6.28v
6. 28

(c) Cross Sectional Area: The dianmeter of wire is
usual ly expressed in nmls. As the cross sectional area of a wire
i ncreases, the resistance decreases.

(d) Tenperature: It effects the resistance of
materials in different ways. |In sonme materials, an increase in
tenperature causes an increase in resistance. |In others, it
causes resistance to decrease. The anount of change of
resi stance per change in tenperature is known as the tenperature
coefficient.

1 If the tenperature increases and the

resi stance of the material increases, it is said to have a
positive tenperature coefficient.
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2 If the tenperature increases and the
resi stance of the material decreases, it is said to have a
negative tenperature coefficient.

3 Most conductors have a positive
tenperature coefficient. Carbon, a material used to make
resistors, has a negative tenperature coefficient.

Not e: Conductance is the ease at which a material will pass
el ectrons and is the opposite of resistance.

10. El ectrical Resistors:

Resi stors are conponents manufactured to possess specific
val ues of resistance. There are two basic types of resistors:
composi tion and wi re wound.

a. Conposition Resistors: One of the nost conmon types of
resistors is the carbon resistor. These resistors are nade of
powdered carbon and clay. Cay is used as a binder. The
resistor is then encased in a tubular plastic case for sealing
and wire |l eads are attached for circuit connection.

(1) The chemical conposition of the resistor
determines its ohnmic value and is controlled by the manufacturer
They are manufactured with resistance val ues of one ohmto twenty
mllion ohns and are used where large currents are not invol ved.

(2) Carbon resistors cone in 1/8, ¥% % 1, and 2 watt
sizes. The larger the wattage rating, the larger the physica
size of the resistors.

b. Wre Wund Resistors: These resistors are very accurate
and can handl e nore current than carbon resistors. Wre wound
resistors are made of Gernman silver (copper, nickel, and zinc) or
ni chrone. One di sadvantage of wire wound resistors is the cost of
the wire to make them There are two types of wire wound
resistors, fixed and vari abl e.

(1) Fixed: There are two types of fixed wire wound
resistors, power and precision.

(a) Power type

1 Can carry high currents and dissipate
| arge anmounts of heat.

2 Very large in size to handle these |arge
currents and heat.

3 Made with a value of a few ohns to
t housands of ohns with a tol erance of 10-20%
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(b) Precision type

1 Used when resistances with very smal |
tol erances are required.

2 Made with ohm c values as |low as .1 ohns
and tol erances a small as .1%

(2) Variable Resistors: There are two types of
variabl e resistors, rheostat and potentioneter.

(a) The rheostat has two el ectrical connections,
is used as a current control device, and is wired in series. An
exanpl e of a rheostat would be the di mer control for the dash
lights on your car.

(b) The potentioneter has three el ectrical
connections, is used as a voltage control device, and is wired in
parallel. An exanple of a potentioneter would be the bal ance
control on your radio.

c. Resistor Wattage Rating: A rating expressing the maxi num
power that a resistor can safely handle.

(1) When current flows through a resistor, heat is
devel oped within the resistor. The resistor nust be capable of
di ssipating this heat into the surrounding air; otherw se, the
tenperature of the resistor rises, causing a change in resistance
or possibly causing the resistor to burn out.

(2) The heat dissipating capability of a resistor is
nmeasured in Watts (w). The unit of watts will be discussed in
nore detail |ater when we tal k about power.

d. Resistor Color Code

(1) Oder of colors and nmenory aid

COLOR MEMORY 157 2NP MULTI PLI ER RESI STANCE
Al D DAT TOLERANCE

Bl ack Bad 0 0 1 -

Br own Boys 1 1 10 -

Red Run 2 2 100 -

Or ange Over 3 3 1, 000 -

Yel | ow Yel | ow 4 4 10, 000 -

G een Gardenias 5 5 100, 000 -

Bl ue Behi nd 6 6 1, 000, 000 -

Vi ol et Victory 7 7 10, 000, 000 -

G ay Gar den 8 8 100, 000, 000 -

Wi te Wl |'s 9 9 1, 000, 000, 000 -

(ol d) (ol d) - - .1 +/- 5%
(Silver) - - .01 + - 10%
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(NO COLOR) - - - +/ - 20%

(2) The resistor is marked by a series of colored
bands. Their color and position indicate the ohm c value of the
resistor.

(a) First color band: The first col or band
i ndicates the first nunber of the value of the resistor (the
first significant digit).

(b) Second col or band: The second col or band
i ndi cates the second nunber in the value of the resistor (second
significant digit).

(c) Third color band: The third col or band
indicates the nmultiplier factor.

(d) Fourth color band: The fourth color band is
known as the tolerance; it tells you how accurate the resistor
is. |If the band is gold, the tolerance is 5% if the band is
silver, the tolerance is 10% and if there is no band then the
tolerance is 20%

(e) Fifth color band: The fifth col or band, which
is not illustrated on the chart, indicates the failure or
reliability level. This level is expressed in 50%rated wattage
in percent per 1000 hours. The following gives the reliability
Il evel for the colors of the fifth band:

COLOR RELI ABI LI TY LEVEL
Br own 1%

Red . 1%

O ange .01%

Yel | ow .001%

11. The Basic Electric Crcuit:

The basic electric circuit consists of a source, conducting
path, load, and a switch.

a. The Source: The device that supplies the electrical
energy used by the load in the formof voltage and can be called
the voltage source. Exanples of voltage sources are dry cell,
storage batteries, power supplies, and generators.

b. Conducting Path: Electrons nust have a conplete path to
nmove through in order to reach the load and return back to the
source. The path is usually supplied by wires that connect al
the parts of the circuit together.
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c. The Load: Any device through which electric current
flows, that changes the electrical energy into a nore useful
form

(1) The | oad dissipates (or uses) the electrical
energy supplied by the source.

(2) Exanples of |oads are:

(a) Light bulbs, which change el ectrical energy
to light energy.

(b) An electric nmotor which changes el ectrical
energy into mechani cal energy.

(c) Speaker in a radio which changes el ectri cal
energy into sound energy.

d. The Switch: A control device, which interrupts the flow
of current, delivered to the | oad.

12. Basic D agrans:

There are three types of diagrans—pictorial, schematic, and
W ring.

a. Pictorial: Shows the actual physical |ocation, size, and
hookup of the conponents as woul d be seen by the human eye.

b. Schematics: The technician's primary aid in
troubl eshooting an electrical circuit is the schematic diagram

1 The schematic diagramis a picture of the circuit.
2 It uses synbols to represent the various circuit
conponents.

3 Physically large or conplex circuits can be shown on
relatively small diagram

c. Wring: Simlar to a pictorial diagram except that
conponents are shown as rectangles or circles. The |ocation of
parts is correct and all connecting wires are shown connected
from one conmponent to anot her.

13. Electrical Synbols and Conponent |dentification:

What are electrical synbols?

a. Synbols serve as a conveni ent nethod of identifying
el ectrical conponents on an electrical schemtic.

b. Synbols often | ook |like the conponent itself, but are
greatly sinplified.
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LAMP
HGANDESCENT

CONDUCTORS

—l— CONNECTED
RESISTORS

CONNECTED = AN N FIXED

VARIABLE "
CONNECTED (POTENTIOMETER)

% RHEOSTAT

BATTERY —@— VOLTMETER
—@— AMMETER

Figure 3-1.—Symbols commonly used in electricity.
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(1) Wre: A solid or stranded group of solid,
cylindrical conductors having | ow resistance to current fl ow,
wi th any associated insul ation.

(2) Conductor: A material with a |arge nunber of
free electrons that easily permts electric current to flow
Where conductors are connected on a schematic, the connection

will be indicated by a dot. Where not connected conductors will

cross over or one conductor will be shown | oopi ng over the other
(3) Gound: : A safety precaution to protect

agai nst electrical shock. It prevents a significant difference

of potential from devel opi ng between the chassis of any
el ectrical device and the earth.

(4) Cell: A single unit that transfornms chem ca
energy into electrical energy. Batteries are nade up of cells.

(5) Battery: A device for converting chem ca
energy into electrical energy.

(6) Lanp Incandescent: Changes electrical energy
into light and heat energy.

(7) Fuse: A device used to linmt the amount of
current flowin a circuit. They are generally grouped into three
broad categori es—plug, cartridge, and bl ade type.

(a) Plug- 0-30 anps.
(b) Cartridge- 30-60 anps.
(c) Bl ade- 60-600 anps.

(8) Resistors Fixed: Opposes current flow Its
ohmc value is fixed when it is manufactured.

(9) Variable (Potentionmeter): A variable resistor
used as a voltage control device.

(10) Rheostat: A device for controlling the
anount of voltage, (exanple: a dimer swtch).

(11) Switch: A device to connect, disconnect,
or change the connections in an electrical circuit.

(12) Voltneter: A device for neasuring voltage.

(13) Ameter: An instrunment for measuring the
amount of electron flow in anperes
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—alo—

(14) Switch-Pushbutton: Has nonmentary contacts to conplete
the circuit and release to open the circuit.

—o0 o0"o—

OR
—0 0o~
o_

(15) Switch-single pole, Double Throw Operates in only
one of two positions.

?

~ e

(16) Switch double pole, double throw Has two sets of
contacts that open and cl ose.

——0—
——)—

(17) A. C. Power Supply: Supplies alternating current to the
| oad.
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(18) D.C. Power Supply: Supplies direct current to the | oad.

™

(19) Coil: Has an air core, it is an inductor and opposes
changes in alternating current.

3E

E

(20) Transforner: A device which takes voltage and current
of one level and changes it to voltage and current of another
level. Usually used in alternating current circuits.

(21) Inductor Iron Core: Used primarily in alternating current
circuits, has two el ectrical connections, and offers opposition
to changes in alternating current.

—&

(ON CAGHT72)
(22) Capacitor - Polarized: A device that stores an
el ectrical charge. Mist be nmounted in the circuit by observing
the circuit polarity.
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e

(23) Capacitor - Non-polarized: May be nmounted in a circuit
Wi thout regard to polarity.

——

(24) Diode: A solid state electronic device that allows
current to flowin one direction only.

©

(25) Transistor NPN: A solid state el ectronic device that
acts like a switch and consists of three parts—base, enmtter, and
collector. It takes a positive potential (voltage) on its base
in order for it to act like a switch and conduct.

(26) Transistor PNP: A solid state device that also acts
like a switch. Takes a negative potential (voltage) on its base
in order to conduct.

RTQ

(27) Relay: A device that consists of a coil and a set of
normal 'y open and normally cl osed contacts.

(I NSTRUCTORS NOTE: G VE STUDENTS A 10- M NUTE BREAK.)

TRANSI TION: What is the difference between the schematic synbol
for a polarized capacitor and a non-pol arized capacitor? Wiat is
the purpose of a fuse? Now that we know sone of the nore

i mportant electrical schematic synbols, let's | ook at sone basic
el ectrical circuit diagrans.

14. Electrical Grcuits:
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An electrical circuit is a path or group of paths capabl e of
carrying electrical currents. There are three basic types of
el ectrical circuits—series, parallel, and conpound.

a. Series Crcuit: Acircuit that provides only one path for
current to flow through

(1) Current flowis the directed nmovenent (drift) of
el ectrons. The novenent of electrons is determ ned by the
polarity of the voltage source.

(2) The polarity of the voltage source is negative to
positive.

(3) Since electrons nove froman area of excess charge
to an area of deficient charge, they nove from negative to
positive.

(4) In a series circuit electrons | eave the negative
termnal of the battery (voltage source) travel through the |oad
and return to the positive battery term nal

b. Parallel Grcuit: Acircuit, which provides nore than one
path for current to flow through. Electrons |eave the negative
battery terminal and when they reach a junction in the circuit,
current will divide and fl ow through each circuit branch
according to the resistance.

c. Conpound/ conbination Circuit: A conbination circuit
consisting of the features of both series and parallel circuits.

(1) The series portion of the circuit will have one
path for current to flow through

(2) The parallel portion of the circuit will have nore
than one path for current to flow through

d. Electrical Circuit Measurenents: It is inmportant to be
able to effectively neasure circuit voltage, current, and
resistance in order to better understand electrical circuits and
to be able to effectively troubl eshoot the circuits.

(1) The voltneter is used to neasure electrica
difference in potential.

(2) The ammeter is used to neasure current flow

(3) The ohmmeter is used to nmeasure circuit
resi stance.

(4) The nmultinmeter conmbines all three types of neters.
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(a) The nultinmeter contains a function/range
switch.
| This switch selects the correct function
D.C. volts, D.C. anps, and D.C. resistance.

2 Al'so, selects the correct range which is
illustrated on the face of the neter.

(b) The neter also contains two test |eads, one
bl ack, which is the common or negative |lead and one red or
positive |ead.

| These leads fit into the appropriate
jacks marked "com' for the black lead and V-O for the red | ead.

2 The common test |lead remains in the com
jack for all neasurenents.

3 The red test lead is placed in the V-O
j ack when neasuring voltage or resistance. Wen neasuring
current the red test lead is placed in the jack marked A for

anps.
(c) Making circuit neasurenents:

NOTE: The peak hold switch nust be off for direct current
nmeasurenents and the power switch nust be on

1 Measuring vol tage:

a De-energize the circuit.

b Select the correct function
and range.

¢ Wien neasuring an unknown vol t age,
start at the highest range.

d Cbserve circuit polarity, negative

to positive.

e Place the neter in parallel with the

conponent to be neasur ed.
f Energize the circuit.
2 Measuring current

De-energi ze the circuit.

|

(on

Sel ect the correct function and

range.

SH- 29



U-07B01

¢ Wien neasuring an unknown current,

start at the highest range.

o

Cbserve circuit polarity, negative

to positive.

e Place the neter in series with the
conmponent to be neasured by physically breaking into the circuit.

f Energize the circuit

3 Resistance neasurenents

a De-energize the circuit.

b Select the correct function and
range.

c Isolate the conponent to be
measur ed.

d Place the neter in parallel with the

conmponent to be neasured.

e In order to take a continuity check,
pl ace the function/range switch on the nusical note indicated on
the face of the neter. Place the test probes across the wire or
conmponent. If the wire or conponent is good, a beeping sound
will be given by the neter

15. El ectronagnetic Devices: An electrically excited nmagnet
capabl e of exerting nechanical force or perforn ng nmechani cal
wor K.

(1) An electromagnet is a switch in the formof a coil which
when energi zed causes nechanical notion by attraction. The
mechani cal notion is used to produce a switching action in an

external circuit. |In sone cases the coil is also called a
sol enoi d.

(2) The inside of the coil is called the core and it nay be
air or a type of magnetic material. |If a piece of soft iron is

pl aced within the coil the nagnetic properties are greatly
increased. The increase in nmagnetic strength is due to the
i mproved nmagnetic path that the soft iron provides.

(3) Two types of electromagnetic devices are the relay and
the circuit breaker.

(a) The Relay is a magnetically operated switch. The

basic relay has a single coil controlling one set of contacts,
however in nost cases a coil will control nany contacts.
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Cail

Normally Open
Contacts

Normally Closed

A Contacts
-

1 The coil of wire is wapped around a soft iron
core. \Wen current flows through the coil, a magnetic field is
created around the coil. The coil is said to be energi zed when
current flows through it and de-energized when no current is
flow ng through it.

2 The mechanical arm or sonetimes referred to
as an armature, is nmade of a ferromagnetic material. Since the
mechanical armis made of a ferromagnetic material it can be
affected by a nagnetic field.

3 When the coil is energized the magnetic field
that is created will attract the nechanical arm causing the
contacts to open or close.

4 The contacts are | abel ed normally open (NO
and normal Iy closed (NC) due to their positions when the coil is
de- ener gi zed.

5 When the coil is de-energized a normally open
contact will not allow current to flow through it. However, the
normal |y closed contact will allow current fl ow

(b) The Circuit Breaker functions |ike a fuse that
prevents excessive current fromflowing in a circuit.

1 The coil of the el ectromagnet and the contacts
are connected in series with the source and the | oad.

2 If the load draws nore than a predeterm ned
val ue of current, the el ectromagnet becones energi zed and
attracts the armature (noveabl e contact) opening the contacts,
thus opening the circuit.

EXAMPLE: Again, using Chms Law, current is equal to the voltage
divided by the resistance. |If the total voltage is 120v and the

total resistance is 6Q, then the total current would be 20a. The
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current rating for the circuit breaker nust be at |east 20a. |If
the current rating were less, the circuit breaker would trip and
no current would flow through the circuit.

3 The circuit breaker is held open by a |atching
device and nust be reset so the circuit can becone operati onal
agai n.

16. Chms Law. In the early part of the 19'" century, George
Siman Chm proved by experinment that a precise relationship
exi sts between current, voltage, and resistance. This
relationship is called Chnis Law and is stated as fol |l ows:

a. The current in a circuit is directly proportional to the
applied voltage and inversely proportional to the circuit
resi stance.

1 1f a flashlight contains a battery rated at 1.5
volts and a | anmp has a resistance of 5 ohns, then the current in
the circuit can be determ ned. Using this equation and
substituting val ues:

_E_1.5volts _
[_R_ 5 ohms = BIAREe

2 If the flashlight were a two-cell flashlight,
we woul d have twice the voltage, or 3.0 volts, applied to the
circuit. Using this voltage in the equation

3.0 volts
- 5 ohms

You can see that the current has doubled as the voltage has
doubl ed. This denobnstrates that the current is directly
proportional to the applied voltage.

=.6 ampere

3 If the value of resistance of the lanp is
doubl ed, the equation will be:

=E=3,0 volts
R 10 ohms

The current has been reduced to one-half of the value of the
previ ous equation, or .3 anpere. This denponstrates that the
current is inversely proportional to the resistance. Doubling
the value of the resistance of the |load reduces circuit current
value to one-half of its forner val ue.

I =.3 ampere

b. OChmis Law applies to all electrical circuits.
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c. Chms Law applies to the source and the individual circuit
conponents.

d. Ohnis law also tells us that in an electrical circuit, the
current is directly proportional to the voltage as long as the
resistance is held constant and indirectly proportional to the
resi stance as long as the voltage is held constant.

(1) Mathematically, Chmis Law is expressed by the

follow ng fornul as:

(2) E represents voltage, | represents current, and R
represents resistance.

(3) When the values of any two of these units are
known, the third can be determ ned by one of these formul as.

17. Series Circuits: As we said before, in a series circuit,
current has only one path to flow through

a. There are three laws that apply to series circuits.

(1) The current flowing in the circuit is the sane
anywhere in the circuit.

(2) The sane current flows through each conponent that
is connected within the circuit.

(3) This is mathematically expressed by the formul a:
lT=11=12...

b. The total resistance is equal to the sumof the
i ndi vidual resistance, nmathematically expressed by the forml a:

R=R + Rp...

c. The total voltage is equal to the sum of the individua
vol t age drops.

(1) Mathematically expressed by the formula:
E=FEFE + BEp. ..

(2) The termvoltage drop, is defined as the potenti al
di fference devel oped between two points in an electrical circuit.
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d. Power in a Series Crcuit: Power, whether electrical or
nmechani cal pertains to the rate at which work is being done.
Wrk is done whenever a force causes notion

(1) Voltage is the electrical force that causes
current (electrons) to flowin a closed circuit.

(2) When voltage causes electrons to nove, work is
done.

(3) When voltage exists, but current does not flow
because the circuit is open, no work is done.

(4) The instantaneous rate at which electrical work is
done is called the electric power rate and is neasured in watts.
(ON CAGH15)
(5) The basic power fornula is expressed:

P=1XxE

(6) P represents power, | represents current, and E
represents voltage.

(7) Additional power formul as:

P =E2 0R
P=12R

e. Power Rating: Electrical conponents are often given a
power rating. The power rating, in watts, indicates the rate at
whi ch the device converts electrical energy into another form of
energy, such as light, heat, or notion.

(1) The higher the wattage rating of a light bulb the
nore el ectrical energy that can be converted to |ight energy.

(2) Power used by electrical devices is neasured in
wat t - hour s.

(3) One watt hour is equal to 1 watt of power used
conti nuously for one hour.

(4) The termkilowatt hour (KWH) is used nore
extensively and is equal to 1000 watt-hours.
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(5) The efficiency of an electrical device is the
ratio of the power actually converted to useful energy to the
power delivered to the devi ce.

EXAMPLE: 1f 100 watts of power are delivered to a device and only
95 watts are converted to useful power, then the ratio is:

95 WATTS OF USEFUL PONERA100 WATTS OF PONER = 95% EFFI Cl ENCY

f. Series Aiding and Qpposing Sources: Many practical
circuits contain nore than one voltage source.

(1) Sources of voltage that cause current to flowin
the sanme direction are considered to be series aiding voltages
and the voltages are added.

(2) Sources of voltage that would tend to force
current in opposite directions are said to be series opposing.

(a) The effective voltage is the difference
bet ween opposi ng vol t ages.

(b) When two opposing voltages are inserted into
acircuit, current will flowin the direction deternined by the
| ar gest source.

g. Reference Point: A reference point is an arbitrarily
chosen point to which all other points in the circuit are
conpar ed.

(1) Any point can be chosen as a reference.

(2) Electrical potential at all other points is
determined in relation to the reference point.

(3) The reference point of a circuit is always
considered to be at zero potential.

(4) The termground is used to denote a conmon
el ectrical point of zero potential.

(5) In nost electrical equipnment the nmetal chassis is
t he comon gr ound.

(6) Conmon points of the circuit are connected
directly to the netal chassis thereby elimnating a | arge anount
of connecting wre.

(7) Electrons pass through the netal chassis (a
conductor) to reach the loads in the circuit.

(8) Most voltage neasurenents used to check proper
circuit operation are taken in respect to ground. One neter |ead
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is connected to ground (negative |lead) and the other neter |ead
(positive lead) is noved to various test points.

18. Circuit Probl ens:

(1) Short Circuit: A short is an accidental path of
| ow resi stance, which passes a high amount of current. When a
short circuit occurs, the circuit or conponent resistance will
drop sharply. The synptons of a short circuit are:
(a) Zero resistance across the conmponent.
(b) Higher than normal current flow
(c) Zero voltage across the component.

(2) Open Circuit: Exists when a break exists in a conplete
conducting path. The synptonms of an open circuit are:

(a) Current ceases to flow

(b) Zero voltage across the component.

(c) Normal resistance across the conmponent.

(d) If there is a break in the wire the ends of
the wire becone an extension of the voltage source and voltage

can be neasured across the open spot in the wire.

(e) An open circuit will have an infinite, (too
hi gh to neasure), resistance.

19. Parallel Crcuits

Circuits in which current has nore than one path to fl ow
through. There are three laws that apply to parallel circuits.

a. Voltage in a parallel circuit is the sane anywhere in the
circuit. Mathematically expressed by the formul a:

ET=E =Ex..
b. Total circuit current is equal to the sumof the

i ndi vi dual branch currents. Mthematically expressed by the
formul a:

lT=11 +1o...
c. Total circuit resistance will always be snaller than the
smal | est conponent resistance. Mathematically expressed by the
follow ng fornul as:

(1) Equal resistors:
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Rt = RAN
(2) Product over the sum
RT = (R1 X Ro)A(RL + Ry)

(3) Reciprocal nethod:
Rt = 1A(1AR7) +(1ARp) +(1AR3))

d. Power fornulas: You will use the same power fornulas for
parallel circuits that used for series circuits.

20. Gounding Equi prrent for Electrical Safety:

a. Safety precautions nust always be observed by persons
wor ki ng around el ectrical circuits and equi pnent to avoid injury
fromelectric shock. As you begin your |aboratory work here in
cl ass and when you begin working on generators at your future
duty stations, you nust practice safe working habits. Failure to
do so can result in lost job tine, painful injuries, and needl ess
deat hs.

b. Shock Hazards: Mst electrical sources have a set of
ternminals (usually twd) that are connected to a | oad. The source
may be a battery, a power supply, or a generator, which supplies
el ectrical energy to the load. The | oad converts the electrical
energy to a nore useful form of energy.

EXAMPLE: A light bulb converts electrical energy to light energy,
a notor converts it to mechanical energy, and a soldering iron
converts it to heat energy.

c. A short circuit is an accidental path of |ow resistance.
There is a bal ance between the energy supplied by the source and
the energy used by the load. |[If this balance is upset, the
source will try to deliver unlimted anmounts of energy. This
energy appears as intense heat at the point of contact and al ong
t he connecting wres.

EXAMPLE: A sinple short circuit is when two bare wires have
touched each other. Wth a battery as a source, the hazard of a
short is not great, but a short across electric power |ines can
be extrenely dangerous and can cause intense heat, sparks, and
possibly a fire.

d. Personal Injury: The human body is a good conductor of
el ectrical energy. Wen a person touches an electrically live
(or short circuit) point, electric current tries to flow fromthe
poi nt of contact to ground. Wen this happens, the person
experiences an el ectrical shock.
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e. Safe Wrk Habits: Exposed netal and wet surfaces are good
conductors of electrical energy, so it is good practice to avoid
wor k surfaces conbi ning water or nmetal and electricity. A
cluttered work area is also a shock hazard. Spilled Iiquids,
extra test equi pnent, |oose electrical conponents, and test |eads
are potential hazards also. Along with bare wires, worn or wet
insulation, and netal termnals.

f. Goundi ng Equi prent: | nproper groundi ng can nake
equi pnent unsafe. If there is insufficient ground connections,
then the electrical energy froma shorted circuit within the
equi pnent could flow through the netal chassis, through your body
touchi ng the equi pnent, to ground, and becone a shock hazard.

g. Earth-Gound Connection: Al equipnent should have an
adequat e eart h-ground connection. A proper earth-ground
connection is obtained when the netal chassis of the equipnent is
physically connected to the earth. This connection provides an
el ectrical path for current should any short circuits occur
within the unit.

21. Effects of Opens and Shorts:

a. Open: The mmjor difference between an open in a parall el
circuit and an open in a series circuit is that in a parallel
circuit the open would not necessarily disable the circuit.

(1) If the open occurs before the parallel branches:
(a) The circuit becomnes disabl ed.
(b) The total circuit current is zero anps.
(c) The total circuit resistance is infinite.
(2) If the open occurs in one of the branches, that
branch will be disabled but current will continue to flowin the
remai ni ng branches.
(a) Total circuit current decreases.
(b) Total circuit resistance increases.
b. Short:
(1) Total current is infinite.

(2) Total resistance is zero resistance.

(3) The voltage drop in all the parallel branches will
be zero.

22. Conpound Circuits:
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Oten referred to as a conbination circuit and may al so be
called a conplex circuit.

a. In order to solve these circuits, the rules for both
series and parallel circuits nust be applied.

(1) The rules for series circuits apply to the series
portion of the circuit.

(2) The rules for parallel circuits apply to the
parallel portion of the circuit.

(3) The circuit will be sinplified to a sinple series
circuit containing one | oad.

b. In order to solve these circuits the rules for both
series and parallel circuits nmust be applied.

(1) Start at the negative potential of the source and
followit to the positive potential of the source.

(2) Whenever the current has one path to flow through
the circuit is series and series circuit laws will apply to the
conponents.

(3) Whenever the current divides and there is nore
than one path for current to flow through, the circuit is
parallel and parallel circuit laws will apply to the conponents.

23. Rheostat and Potentioneter:

a. The Rheostat: As you renenber frombasic electricity, the
rheostat is a variable resistor

(1) I's a current control device.
(2) Has two el ectrical connections.
(3) Is wired in series.

(4) Consists of a coil of wire wound on a circular
i nsul ating core.

(5) The novabl e arm makes contact with the coil of
b. The Potentionmeter: The potentioneter is another type of
vari able resistor.
(1) I's a voltage control devi ce.
(2) Has three electrical connections
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(3) Is used as a voltage divider.

24. Alternating Current Characteristics

a. Cycle- Wen the rotating coil of a basic 2 pole
generator conpletes one revolution it is said to have conpl eted
one cycl e.

b. Alternation- Alternation is defined as on half of a
cycl e.

c. Period- is the tine required to conplete a cycle.

d. Frequency- nunber of cycles per second is expressed in
hertz (Hz).

e. Inductance- |Is the property of an electrical circuit that
opposes a change in current.

(1) The synbol for inductance is L.

(2) The basic unit of measurenent for inductance is
the Henry (H).

(3) The Henry is equal to the inductance required to
i nduce one volt in an inductor by a change of one anpere per
second.

(4) Inductance has the sane effect on current that
inertia has on the novenent of a mechanical object. (Analogy)
If you have ever pushed a heavy |load |like your car, you know it
takes nore work to start the |load noving than it does to keep it
moving. Once the load is noving it is easier to keep it noving
than to stop it again. This is because the |oad possesses the
property of inertia.

f. Capacitance-ls the property of an electrical
circuit or conponent that opposes a change in voltage across it.

(1) The basic unit of neasure is farads.
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GLOSSARY

A. C. PONER SUPPLY: Supplies alternating current to the | oad.

AWVETER. An instrunment for neasuring the anount of electron flow
i n anperes.

ATOMS:  The smallest particle of an elenment that retains the
characteristics of that el enment.

BATTERY: A device for converting chemical energy into electrica
ener gy.

CAPACI TANCE: The property of an electrical circuit or conponent
t hat opposes a change in voltage across it.

CAPACI TOR- NONPOLARI ZED:  May be nmounted in a circuit wthout
regard to polarity.

CAPACI TOR- POLARI ZED: A device that stores an electrical charge.

CELL: A single unit that transforns chem cal energy into
el ectrical energy. Batteries are made up of cells.

COL: Has an air core, it is an inductor and opposes changes in
alternating current.

COVPOUND/ COVBI NATI ON CIRCUI T: A conbination circuit consisting
of the features of both series and parallel circuits.

COVMPOUNDS: A chenical conbination of elenments that can be
separated by chenical but not by physical mneans.

CONDUCTI NG PATH: A route for electrons to follow from source to
| oad and back to source.

CONDUCTOR: A nmaterial with a large nunber of free el ectrons that
easily pernmits electric current to flow

CURRENT: The directed flow of electrons through a circuit.

CURRENT FLON The directed nmovenent (drift) of electrons.

CYCLE: is a conplete of positive and negative val ues.

D.C. PONER SUPPLY: Supplies direct current to the | oad.

DI FFERENCE OF POTENTI AL: Wen a charge or voltage exists between
two bodi es.
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DIODE: A solid state electronic device that allows current to
flowin one direction only.

DI RECT CURRENT: Current that only flows in one direction through
acircuit.

DI RECTED DRI FT: The directed novenent of electrons due to a
potential difference.

ELECTROMOTI VE FORCE: The force that nobves or tends to nove
electric current.

ELECTRON: A small negative charge of electricity.

ELECTROSTATICS: Electricity at rest.

ELEMENTS: A substance that cannot be reduced to a sinpler
substance by chemi cal neans.

ENERGY: The ability to do work.

FREQUENCY: The ampunt of cycles per second. |Is expressed in
Hertz (HZ).

FUSE: A device used to limt the ambunt of current flowin a
circuit.

GROUND: A safety precaution to protect against electrical shock.
It prevents a significant difference of potential from devel oping
bet ween the chassis of any electrical device and the earth.

| NDUCTANCE: |s the property of an electrical circuit that
opposes a change in current.

I NDUCTOR | RON CORE: Used primarily in alternating current
circuits, has two electrical connections and offers opposition to
changes in alternating current.

KI NETI C ENERGY: Energy, which a body possesses by virtue of its
not i on.

LAMP | NCANDESCENT: Changes el ectrical energy into |ight and heat
ener gy.

LINES OF FORCE: Imaginary lines used to illustrate and descri be
the pattern of the magnetic field.

LOAD: A device that changes electrical energy into a nore usefu
form

MAGNETI C FI ELDS: The space surroundi ng a magnet where nagnetic
forces act.
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MAGNETI C FLUX: The total nunber of nagnetic lines of force
| eaving or entering the pole of a nagnet.

MAGNETI C | NDUCTI ON: The magnetic effect of one body on anot her
wi t hout any physical contact between them

MAGNETI SM  The ability of a material to attract pieces of iron.
MATTER: Anyt hing that occupi es space and has wei ght.

M XTURES: A physical conbination of elenents and conpounds t hat
can be separated by physical neans.

MOLECULES: A chem cal conbination of two or nore atons.

NEUTRON. Has a nmass approximately equal to that of the proton
but it has no electrical charge.

OPEN CIRCUI T: Exists when a break exists in a conplete
conducti ng path.

PARALLEL CIRCUIT: A circuit, which provides nore than one path
for current to flow through

PI CTORI AL: Shows the actual physical |ocation, size, and hookup
of the conponents, as would be seen by the human eye.

POTENTI AL ENERGY: Energy due to the position of one body with
respect to another body or to the relative parts of the sane
body.

POANER RATING The rate at which a device converts el ectrica
energy into a nore useful form of energy.

PROTRON:. Has a positive charge of electricity equal and opposite
to the el ectron.

RANDOM DRI FT: The haphazard novenent of el ectrons.

REFERENCE PO NT: An arbitrarily chosen point to which all other
points in the circuit are conpared.

RELAY: A device that consists of a coil and a set of normally
open and nornally cl osed contacts.

RELUCTANCE: The opposition that a material offers to the
magnetic |ines of force.

RES|I DUAL NAGNETI SM The anmpunt of magnetismthat remains in a
t enporary nagnet.

RES|I STANCE: The opposition to current flow.

SH-43



U-07B01

RESI STORS FI XED: (Qpposes current flow.

RES|I STOR WATTAGE RATING A rating expressing the maxi mum power
that a resistor can safely handle.

RETENTIVITY: The ability of a material to retain an anount of
resi dual magnetism

RHEOSTAT: A device for controlling the anount of voltage,
(exanpl e: a di nmrer switch).

SCHEMATI CS: The technician's primary aid in troubl eshooting an
electrical circuit is the schematic di agram

SERIES CIRCUIT: A circuit that provides only one path for
current to flow through

SHELL DESI GNATORS. Letters used to identify the shells.

SHELLS: When groups of electrons reside in-groups of orbits that
are elliptically shaped.

SHORT CIRCUI T: An accidental path of | ow resistance which passes
a high anobunt of current.

SOURCE: A device that provides electrical energy to the circuit.

SWTCH:. A device used to control electrical energy. It is used
to connect, disconnect, or change the connections in an
electrical circuit.

TRANSI STOR NPN: A solid state el ectronic device that acts |ike
a switch and consists of three parts-base, emtter, and
collector. It takes a positive potential (voltage)on its base in
order for it to act like a switch and conduct.

TRANSI STOR PNP: A solid state device that acts like a switch
Takes a negative potential (voltage) on its base in order to
conduct.

TRANSFORMER: A devi ce which takes voltage and current of one
| evel and changes it to voltage and current of another I|evel.
Usual ly used in alternating current circuits.

VALENCE SHELL: The outernost shell of an atom

VARI ABLE ( POTENTI OVETER): A variable resistor used as a voltage
control device.

VOLTAGE: A difference of potential of one coul onb of charge
bet ween two points.

VOLTMETER: A device for measuring voltage.
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VOLTAGE SOURCE: A device that is capable of supplying and

mai nt ai ni ng voltage while some type of electrical lead is
connected to its term nals.

WRE: A solid or stranded group of solid, cylindrical conductors

having |l ow resistance to current flow, with any associ ated
i nsul ati on.
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