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Chapter 1 Introduction

Chapter 1 Introduction

CHAPTER OUTLINE
I.I  Circuit Diagrams [HLE4/4)
1.2 Voltage and Current Direction [FEH 55 HE 5 T]]
1.3 Voltage and Current Source [ L5 55 HEEN]
1.4  Ohm’s Law [WaEH]
1.5 Nodes, Loops and Branches [#f /1. [ 1) 3 i)
1.6 Kirchhoffs Law [JE/ Kttt
1.7 Series and Parallel Circuits [ {41555 ) fHCHL ]

WORDS AND KEY TERMS
+ circuit [ FH1§] * battery [Hith] « switch [JT K]
« resistor [ H1PH) * capacitor [ "1 75 + transistor [/ 1AF]
+ inductor [H1/] « amplifier [JEAAE] « voltage [H1/E]
« current [ HLJ{] » electron [HI 1] * positive polar [ |[-4%]
» node [£5 1] * branch [ 2] * negative polar [ 1]

1.1 Circuit Diagrams [ B 3%[&]

Electrical systems can not only gather, store, process, transport, and present information,
but also distribute, store, and convert energy between various forms. For example, in electrical
power plant, energy is converted from various sources to electrical form. Electrical distribution
systems transport the energy to virtually every factory, home, and business in the world, where it
is converted to a multitude of useful forms, such as mechanical energy, heat, and light.

Electric circuits are constructed using components such as batteries, switches, resistors,
capacitors, transistors, interconnecting wires, etc. The diagrams are used to represent these
circuits on paper, and diagrams generally include three types: block diagrams, schematic
diagrams, and pictorial diagrams.

1.1.1  Block diagrams [Z544[E]

Block diagrams describe a circuit or system in simplified form. The overall problem is
broken into blocks, each representing a portion of the system or circuit. Blocks are labeled to
indicate what they do or what they contain, and then interconnected to show their relationship to
each other. General signal flow is usually from left to right and top to bottom. Fig. 1.1, for
example, represents an audio amplifier. Although the detail circuits are not presented in this
block diagrams, you should be able to follow the general idea quite easily—sound is picked up
by the microphone, converted to an electrical signal, amplified by a pair of amplifiers, then
output to the speaker, where it is converted back to sound. A power supply energizes the system.
The advantage of a block diagram is that it gives you the overall picture and helps you
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Electrical Engineering

understand the general nature of a problem. However, it does not provide detail.

\

bou_nc_l H } > Amplifier
waves

Microphone

Power Sound
amplifier waves
Speaker
Power
supply

Amplification system

Fig. 1.1 A block diagram of an audio amplification system

1.1.2 Pictorial diagrams [SZ4)[E]]

Pictorial diagrams are one of the types of diagrams that provide detail. They help you

visualize circuits and their operation by showing } I - Switch
components as they actually appear. For example, the
circuit of Fig. 1.2 consists of a battery, a switch, and an
electric lamp, all interconnected by wire. When the switch
is closed, the battery causes current in the circuit, which
lights the lamp. The battery is referred to as the source and

the lamp as the load.
1.1.3  Schematic diagrams [JRI2[Z])

2X°

RU

Battery Lémp

Fig. 1.2 Circuit based on pictorial

While pictorial diagrams help you visualize circuits,

I Switch

E
R
Ry
Battery Resistance

-

Fig. 1.3 Circuit based on schematic diagram

they are cumbersome to draw. Schematic
diagrams get around this by using simplified,
standard symbols to represent components. In
Fig. 1.3, for example, we have used some of
these symbols to create a schematic for the
circuit of Fig. 1.2. Each component has been
replaced by its corresponding circuit symbol.
Consider the lamp of Fig. 1.3, the lamp
possesses a property called resistance that causes
it to resist the passage of charge. When you wish

to emphasize this property, use the resistance symbol rather than the lamp symbol.

1.2 Voltage and Current Direction [FEE 5B/ 6)]

In order to figure out how circuit work, we will first examine some of the different
components that can be used in a circuit: voltage and current sources, batteries, and resistors. We
also need to understand the concepts of voltage, current, and power, since these are the quantities
we usually need to find. One word of advice before we begin: pay close attention to the role of “+”
and “- signs when labeling voltages, and the significance of the arrow in defining current; They

®2%



Chapter 1 Introduction

often make the difference between wrong and right answers.

1.2.1 Charge [F37]

One of the most fundamental concepts in electric circuit analysis is that of charge
conservation. We know from basic physics that two types of charge: positive (corresponding to a
proton), and negative (corresponding to an electron). For the most part, this text is concerned with
circuits in which only electron flow is relevant. There are many devices (such as batteries, diodes,
and transistors) in which positive charge motion is important to understanding internal operation,
but external to the device we typically concentrate on the electrons which flow through the
connecting wires. Although we continuously transfer the charges between different parts of a
circuit, we do nothing to change the total amount of charge. In other word, we neither create nor
destroy electrons (or protons) when running electric circuit. Charge in motion represents a current.

In the SI (international system of units) system, the fundamental unit of charge is the
Coulomb (C). 1t is defined in terms of the ampere by counting the total charge that passes
through an arbitrary cross section or a wire during an internal of one second; one coulomb is
measured each second for a wire carrying a current of 1 ampere (Fig. 1.4). In this system of units,

a single electron has a charge of —1.602x10 " C and a single proton has a charge of
+1.602x10™" C.

Cross section

'

I
. 1 Direction of

] o x
” " \ 1‘{ charge motion

Individual charge

Fig. 14 Charge flowing through a wire, illustrating the definition of the coulomb

A quantity of charge that does not change with time is typically represented by Q. The
instantaneous amount of charge (which may or may not be time-invariant) is represented by ¢(7). or
simply g. This convention is used throughout the remainder of the text: capital letters are reserved
for constant (time-invariant) quantities, whereas lowercase letters represent the more general case.
Thus, a constant charge may be represented by either Q or g, but an amount of charge that changes
over time must be represented by the lowercase letter ¢.

Electrical circuits are analogous to fluid-flow systems. The battery is analogous to a pump,
and charge is analogous to the fluid. Conductors (usually copper wires) correspond to frictionless
pipes through which the fluid flows.

122 Current ]

The idea of “transfer of charge™ or “charge in motion” is of vital importance to us in studying
electric circuits because, in moving a charge from place to place, we may also transfer energy from
one point to another. The familiar cross-country power transmission line is a practical example of a

®3I%
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device that transfers energy. Of equal importance is the possibility of varying the rate at which
charge is transferred in order to communicate or transfer information. This process is the basis of
communication systems such as radio, television, and telemetry.

The current present in a discrete path, such as a metallic wire, has both a numerical value and
a direction associated with it; it is a measure of the rate at which charge is moving past a given
reference point in a specified direction.

Once we have specified a reference direction, we may let g(7) be the total charge that has the
reference point since an arbitrate time ¢=0, moving in the direction. A contribution to this total
charge will be negative if negative charge is moving in the reference direction, or if positive charge
is moving in the opposite direction. As an example, Fig. 1.5 shows a history of the total charge (/)
that has passed a given reference point in a wire (such as the one shown in Fig. 1.4).

g(1) (C)
#

[ 12345 )

M o— S — ) W

Fig.1.5 A graph of the instantaneous value of the total charge ¢(1)
that has passed a given reference point since =0
We define the current at a specific point and flowing in a specified direction as the
instantaneous rate at which net positive charge is moving past that point in the specified direction.
This, unfortunately, is the historical definition, which came into popular use before it was
appreciated that current in wires is actually due to negative, not positive charge motion. Current is
symbolized by / or i, and so

=4
dt

The unit of current is the ampere (A), named after A. M. Ampere, a French physicist. It is
commonly abbreviated as an “amp”, this is unofficial and somewhat informal.

Using Eq. (1-1), we can compute the instantaneous current. The use of the lowercase letter i is
again to be associated with an instantaneous value; an uppercase / would denote a constant (i.¢.,
time-invariant) quantity.

Several different types of current are illustrated in Fig. 1.6. A current that is constant in time is
termed a direct current, or simply DC, and is shown by Fig. 1.6 (a). We will find many practical
examples of currents that vary sinusoidal with time (Fig. 1.6 (b)); currents of this form are present
in normal household circuit. Such a current is often referred to as altemnating current, or AC.
Exponential currents and damped sinusoidal currents are shown in Fig. 1.6 (c) and Fig. 1.6 (d).

(1-1)
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i
i i i
A A 4
) \ ;
> | f

(a) Direct current (dc) (b) Sinusoidal current (ac) (c) Exponential current (d) Damped sinusoidal current

Fig. 1.6  Several types of current

We establish a graphical symbol for current by placing an arrow next to the conductor. Thus,
in Fig. 1.7 (a) the direction of the arrow and the value 5 A indicate either that a net positive charge
of -5 C/s is moving to the right or that a net negative charge of +5 C/s is moving to the left each
second. In Fig. 1.7(b) there are again two possibilities: either +5 A is flowing to left or -5 A is
flowing to the right. All four statements and both
figures represent currents that are equivalent in ..,__:_‘\“‘/ &/
their electrical effects, and we say that they are
equal. A non electrical analogy that may be easier (a) (b)
to visulize is to think in terms of a personal saving

account: e.g., a deposit can be viewed as either a
negative case flow out of your account or a

Fig.1.7 Two methods of representation
for the exact same current

positive flow into your account.

It is convenient to think of current as the motion of positive charge, even though it is known
that current in metallic conductors results from electron motion. In ionized gases, in some
semiconductor materials, positively charged elements in motion constitute part or all of the current.
Thus, any definition of current can agree with the physical nature of conduction only part of the
time. The definition and symbolism we have adopted are standard.

It is essential that we realize that the current arrow does not indicate the “actual” direction
flow but is simply part of a convention that allows us to talk about “the current in the wire” in an
unambiguous manner. The arrow is a fundamental part of the definition of a current! Thus, to talk
about the value of a current #(7) without specifying the arrow is to discuss an undefined entity.

So far we have used arrows alongside circuit elements or conductors to indicate reference
directions for currents. Another way to indicate the current and reference direction for a circuit

element is to label the ends of the element and use double

subscripts to define the reference direction for the current. For

f'“l ] 5 example, consider the resistance of Fig. 1.8. The current denoted

by iy, is the current through the element with its reference direction

pointing from a to b. Simnilarly, #, is the current with its reference

) b directed from b to a. of course, iy, and iy, are the same in magnitude

Fig.1-8 Reference direction T i
and opposite in sign, because they denote the same current but with
opposite reference directions. Thus, we have iy, =—ij,.

a
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1.2.3 Voltage [FE[E]

We must now begin to refer to a circuit element, something best defined in general terms to
begin with. Such electrical devices as fuse, light bulbs, resistors, batteries, capacitors, generators,
and spark coils can be represented by combinations of simple circuit elements. We begin by
showing a very general circuit element as a shapeless object
possessing two terminals at which connections to other elements
may be made (Fig. 1.9).

There are two paths by which current may enter or leave the
element. In subsequent discussions we will define particular circuit ~ Fig.1.9 A two-terminal
elements by describing the electrical characteristics that may be circuit clement
observed at their terminals.

In Fig. 1.9, let us suppose that a dc current is sent into terminal 4, through the general element,
and back out of terminal B. Let us also assume that pushing charge through the element requires an
expenditure of energy. We then say that an electrical voltage (or a potential difference) exists
between the two terminals, or that there is a voltage “across” the element. Thus, the voltage across
a terminal pair is a measure of the work required to move charge through the element. The unit of
voltage is the volt, and 1 volt is the same as | J/C. Voltage is represented by V or v.

A voltage can exist between a pair of electrical terminals whether a current is flowing or not.
An automobile battery, for example, has a voltage of 12 V across its terminals even if nothing
whatsoever is connected to the terminals.

According to the principle of conservation of energy, the energy that is expended in forcing
charge through the element must appear somewhere else. When we later meet specific circuit

A

B

elements, we will note whether that energy is stored in some form that is readily available as
electric energy or whether it changes imeversibly into heat, acoustic energy, or some other
no-electrical form.

We must now establish a convention by which we can distinguish between energy supplied to
an element, and energy that is supplied by the element itself. We do this by our choice of sign for
the voltage of terminal 4 with respect to terminal B. If a positive current is entering terminal A of
the element and an external source must expend energy to establish this current, then terminal A4 is
positive with respect to terminal 8. Alternatively, we may say that terminal B is negative with
respect to terminal A.

The sense of the voltage is indicated by a plus-minus pair of algebraic signs. In Fig. 1.10 (a),
for example, the placement of the “+ sign at terminal A4 indicates that terminal A4 is v volts positive
with respect to terminal B. If we later find that v happens to have a numerical value of -5 V, then
we may say either that 4 is -5 V positive with respect to B or that B is 5 V positive with respect to
A. Other cases are shown in Fig. 1.10 (b), Fig. 1.10 (c), and Fig. 1.10 (d).

Just as we noted in our definition of current, it is essential to realize that the plus-minus pair of
algebraic signs does not indicate the “actual” polarity of the voltage but is simply part of a
convention that enables us to talk unambiguously about “the voltage across the terminal pair.” Note:
The definition of any voltage must indicate a plus-minus sign pair.

®KO%



Chapter 1 Introduction

Fig. 1.10 (a, b) Terminal B is 5 V positive with respect to terminal A;

(¢, d) terminal A is positive with respect to terminal B

(1) Double subscripts

As you have already seen, voltages are always expressed as the potential difference between
two points. In a 9V battery, there is a 9 V rise in potential from the negative terminal to the positive
terminal. Current through a resistor results in a voltage drop across the resistor such that the
terminal from which charge leaves is at a lower potential than the terminal into which charge enters.
We now examine how voltages within any circuit may be easily described as the voltage between
two points. If we wish to express the voltage between two points (say points @ and b in a circuit),
then we express such a voltage in a subscripted form (e.g., Vi), where the first term in the subscript
is the point of interest and the second term is the point of reference.

: o Akt : 10V_
Comld_er the. @eb cm.:ult .of Fig. 1.11. If we i AN .

label the points within the circuit ¢, b, ¢, and d, we R=10R

see that point b is at a higher potential than point ¢ ﬂ_' N

by an amount equal to the supply voltage. We may V =50V <+> R=250 § 25V

write this mathematically as V;,=+50 V. Although )

the plus sign is redundant, we show it here to R=15Q

indicate that point b is at a higher potential than a® -m+ &

point a. 1f we examine the voltage at point @ with Fig. L11

respect to point b, we see that « is at a lower potential than h. This may be written

mathematicallyas ¥, =-50 V.

From the above illustration, we make the following general statement:
Var=—Vka (1-2)

for any two points a and b within a circuit.

Current through the circuit results in voltage drops across the resistors as shown in Fig, 1.11. If
we determine the voltage drops on all resistors and show the correct polarities, then we see that the
following must also apply:

V=10V Vp=—10V; Vu=+25V Ve=—25V; Ve=+I5V Vy=I15V

If we wish to determine the voltage between any other two points within the circuit, it is a
simple matter of adding all the voltages between the two points, taking into account the polarities
of the voltages. The voltage between points b and d would be determined as follows:

Vo= Voe T V=10 V+25 V=435V

Similarly, the voltage between points » and a could be determined by using the voltage drops

of the resistors:

T
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Vo= Voo t Vaa V=10 VE2S VHIS V=450V

(2) Single Subscripts (electric potential )

In a circuit which has a reference point (or ground point), most voltages will be expressed with
respect to the reference point. In such a case it is no longer necessary to express a voltage using a dual
subscript. Rather if we wish to express the voltage at point @ with respect to ground, we simply refer
to this as ¥,. Similarly, the voltage at point » would be referred to as ;. Therefore, any voltage which
has only a single subscript is always referenced to the ground point of the circuit.

[Example 1-1]: For the circuit of Fig. 1.12, determine the electric potentials ¥, V4, V., and V.
: Applying the voltage divider rule, we

determine the voltage across each resistor as follows: = 5 5~
' AN o b
2 kQ R, =2kQ +
| = (20V)=4V R, =3kQ <V,
2kQ+3kQ+5kQ / ) 3
+ I ¢
E=20v \ _ &
R; =5kQ
= AL (20V)=6V '3
T 2kQ+3kQ+5kQ d
Fig. 1.12
= o (20V)=10V
T 2kQ+3kQ+5kQ

Now we solve for the voltage at each of the points as follows:

V, =4 V+6 V+10 V=420 V=E; ¥, =6 V+I0V=+16V; ¥, =+10V; ¥, =0V

If the voltage at various points in a circuit is known with respect to ground, then the voltage
between the points may be easily determined as follows:

Va=V.-h (1-3)

: For the circuit of Fig. 1.13, determine the voltages V), and ¥V, given that V,;=+5
V, h=t3 V,and V=—8V.

R

a

Qolution

Solution: /,=+5V—(+3 V=2 V: Ve=—8V—(+3 V=—11V
The idea of voltages with respect to ground is easily extended to include ~ "a = 5
voltage sources. When a voltage source is given with respect to ground, it "f_’ =

may be simplified in the circuit as a point source. Point sources are often b=

used to simplify the representation of circuits. We need to remember that in Fig. 1.13
all such cases the corresponding points always represent voltages with respect to ground (even if
ground is not shown).

: Determine the current and direction in the E =45V E=—8V

circuit of Fig. 1.14. o—AANN—
[Solution): The circuit may be redrawn showing the reference R, = 52k0
point and converting the voltage point sources into the more Fig. 1.14

%845
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common schematic representation. The resulting circuit is shown in Fig. 1.15.
Now, we easily calculate the current in the circuit as Ry =52kQ

E-E, _5V=(-8V) i
> - F _(..,
[==——1= =0.25 mA [
R 52kQ L o
E> =8V
=

124 Power [IhE]

We now need to determine an expression for the power being
absorbed by a circuit element in terms of a voltage across it and Fig. .15
current through it. Voltage has already been defined in terms of energy expenditure, and power is
the rate at which energy is expended.

We have already defined power, and we will represent it by P or p. If one joule of energy is
expended in transferring one coulomb of charge through the device in one second, then the rate
of energy transfer is one watt. The absorbed power must be proportional both to the number of
coulombs transferred per second (current), and to the energy needed to transfer one coulomb
through the element (voltage). Thus, p = vi . The physical unit of the power is watt.

Consider the circuit element shown in Fig. 1.16. Because the current is the rate of flow of

charge and the voltage v is a measure of the energy transferred per unit of charge,
the product of the current and the voltage is the rate of energy transfer.

[
Now we may ask whether the power calculated represents energy supplied or ‘:l‘

absorbed by the element. Refer to Fig.1.16 and notice that the current reference
enters the positive polarity of the voltage. We call this arrangement the passive
reference configuration. Provided that the references are picked in this manner, a
positive result for the power calculation implies that energy is being absorbed by
the element. On the other hand, a negative result means that the element is
supplying energy to other parts of the circuit.

If the current reference enters the negative end of the reference polarity, a positive value for p
indicates the energy is supplied by the element, and a negative value shows that energy is absorbed
by the element.

: Consider the circuit elements shown in Fig. 1.17. Calculate the power for each
clement.

Fig. 1.16

(a) (b) (c)

Fig.1.17 Circuit elements for Example 14.
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