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1.Current

As pointed out in the previous section, thermal
energy from the surroundings creates a number oft free
electrons, In the absence of? any extermal electric {ield,
these electrons move in random paths, as in the two-
dimensional® sketch of Fig.l-1{a). The movement of
any one electron is
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Fig. 1~1 Instantaneous motion of free electrons;

(a) no field, no net motion, (b)ield applied net

motion
offset by the movement of another in sa oppesite
direction so that there is no net movemeni of elecirons.
If an electric field is applied though, as in Fig, 1-1(b),
more of the electrons move toward the positive plate,
The electrons then have a net motion or drift toward
the positively charged plate. The drift can be thought
oft as being superimposed upon the random motion of
free electrons,

If an imaginary plane is passed through a conductor,
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8 material that allows current flow (see Fig. 1-2), and
if an electric field is present, a net flow of charge flows
is present, 2 net flow of charge flows past the plane,
The net flow of electrons or charge past a given point
per unit time is defined as® the electrical current.

As pointed out in Chapter 1, the basic uait of charge

is the coulomb, A coulomb is equal to? the charge carried
T

by 6.243¢10*'® electrons, Conversely, then, the charge

of one electron is

' R S 10§
electroﬂ charge-—— Bmw‘"l Pt 10 C-

Electrical current, or the rate of flow of charge, is

then measured in the units of coulombs per second. The
leiter symbol for current is Iy in equation form the
current is

=3 —— . ’ {1—1)

In the MKS® system, the basic unit of current is the
ampere, where 1 A iz the rate of flow of electric current
when | C of charge flows past a point in 1 sec,
N L T _—
1A BT (1—2)

Two methods are available for'® describing the direction
of current flow (see Fig, 1-2}. |
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Fig. 1-2. Current flow
Historically, current has been described as flowing

from plus to minus, whereas the electron flow is from
minus to plus. Either can be specified correctly, because
the electron is moving in one direction and the electron
vacancy or hole is moving in the opposite direction,

The flow of current from plus to minus is referred to!
as coaventional or posilive current and has been adoptcd
by the Institute of Electrical and Flectronics Engineers
(IEEE). Convecurrent will be used throughout this text.
flectrical currents are of two types, direct or alter—

nating, Cyrrent that conlinues to flow in the same

direction is called umd1rect10nal current. Direct curren}

(de) is a comstant unidirectional current. Current that

periodically reverses direction is called alternating

current (ac), Alternating currenis generally have a
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frequeney of alterastion, and it is sometimes helpful
to think of direct currents as zero frequency ac.

2. Voltage

ln physies, work is described as! a force moving
an object through a distance, that is,
work={orce X distance,
1f a positive charge,+QC, is somewhere in space
and another charge, a test charge of +q,c, is brought
into the vicinity, a force of repulsion is given by
Coulomb's law.

F—k3%

If the test charge is considered to® be an infinite
distance away from the+Q charge, the force.o['repﬁlsiom
is essentially zero. If the test charge is to be brought
closer to the+Q charge, force must be exerted in order
to? move the test charge against the repulsive foree;
that is, work must be done. This work increases the
potential energy of the test charge, since if the test
charge is left free, it will move under the repulswa
force back to infinily,

The work' required to move a unit chiarge in an
electric field is defined as the electric potential; the

rise or fall of polential energy involved in moving a
unit charge from one poinl to another is the potential
differerce,
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potential difference=_¥Ork =g=__3931_e__

(2-1)
Tn the MKS system of units, a potential difference
of 1J/C is defined as a volt and rthe letter symhol V
or E is used.

' T N O -
Yo E f voli= C (2-2)

A polential developed in moving a charge from
infinity to a point x is referred tfo a’sl'é,ﬁ absolute
potential, whereas a potential devzloped in moving &-
El—l;mom a point x to a point y is called a relative
potential,

In Fig, 2-1 if q, is a charge of 1C and 10I of
work are needed to move it from point x te peint y,
the relative potential is

v 103

1 C=10-‘J'r .

Thus point y is at a potential of 10v relative to
point x,

g o ;?l . v 0u
o s T
petative Abzolale
polential potontial

Fig. 2-1 Potential differcuce

between points
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3, Resistance

Resistance is the opposition of a material (or
circuit) to the flow of electrical current. The letter
symbal is B and the basic unit is the chm. The Greek
capital letter! omega()is used as the unit abbreviation,

Relatively speaking, a conducter has low resistance,
whereas gn insulator has high resistance,

Resistance properties are discussed more fully in
the following chapter, but first we consider the complete
electrical cireuit that is {ormed when a source of emi
is connected io? a load or device which converts elecirical

energy back into? some other form of energy (see Fig.
3-1), The current in Fig. 3~1-travels via a palh formed

Yperfect conducions”
T S
+
[3 Potential nse Pebential drop
ouce e( ';;") ( p )v Loct
emf Soune Yoad
s |

Fig. 3-1 The simple electric cireuit
by “perfect conductors® or at least conduetors with very

little resistance compared to* that presented by the
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