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1 Basic Concepts of Electric Circuits

1.1 Introduction

Electric circuit theory and electromagnetic theory are the two fundamental theories
upon which all branches of electrical engineering are built. Many branches of electrical
engineering, such as power, electric machines control, electronics, communications and
instrumentation , are based on electric circuit theory. Therefore, the basic electric circuit
theory course is the most important course for electrical engineering students, and always
an excellent starting point for beginning students in electrical engineering education. Circuit
theory is also valuable to students specializing in other branches of the physical sciences
because circuits are a good model for the study of energy systems in general,and because
of the applied mathematics, physics,and fopology involved. o

In electrical engineering, we are often interested in communicating or transferring
energy from one point to another. To do this requires an interconnection of electrical
devices. Such interconnection is referred to as an electric circuit,and each component of
the circuit is known as an element. ‘

An electric circuit lS an interconnection of electrical elements.

A simple electric circuit is shown in Fig. 1. 1. It consists of three basic elements: a
battery,a lamp, and connecting wires. Such a simple circuit can exist by itself; it has
several applications,such as a torch light,a search light,and so on.

Current

Fig. 1.1 A simple electric circuit
Electric circuits are used in numerous electrical systems to accomplish different tasks.
The objective is not the study of various uses and applications of circuits. Rather our major
concern is the analysis of the circuits. By the analysis of a circuit, we mean a study of the
behavior of the circuit: How does it respond to a given input? How do the interconnected
elements and devices in the circuit interact?
We commence our study by defining some basic concepts. These concepts include
charge , current, voltage , circuit elements,power and energy.
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1.2 Charge and Current

The concept of electric charge is the underlying principle for explaining all electrical
phenomena. Also, the most basic quantity in an electric circuit is the electric charge. We all
experience the effect of electric charge when we try to remove our wool sweater and have
it stick to our body or walk across a carpet and receive a shock.

Charge is an electrical property of the atomic particles of which matter consists,
measured in coulombs (C).?

We now consider the flow of electric charges. A unique feature of electric charge or
electricity is the fact that it is mobile; that is, it can be transferred from one place to
another, where it can be converted to another form of energy.

When a conducting wire is connected to a battery (a source of electromotive force),
the charges are compelled to move; positive charges move in one direction while negative
charges move in the opposite direction. This motion of charges creates electric current. It is
conventional to take the current flow as the movement of positive charges, that is,opposite
to the flow of negative charges,as Fig. 1. 2 illustrates.
I " -0 =Q

=0 =0

Iy
+{' - Battery
Fig. 1.2 Electric current due to flow of electronic charge in a conductor

Electric current is the time rate of change of charge. Mathematically, the relationship
between current i, charge g,and time £ is

; _dg
by (L. 1)

where current is measured in amperes (A) ,and
1 ampere =1 coulomb/second
The charge transferred between time ¢, and ¢ is obtained by integrating both sides of
Eq. (1.1). We obtain

q=Lm (1.2)

The way we define current as ¢ in Eq. (1. 1) suggests that current need not be a
constant-valued function. _

If the current does not change with time, but remains constant, we call it a direct
current (DC) , that is, a direct current is a current that remains constant with time. By
convention the symbol I is used to represent such a constant current. '

A time-varying current is represented by the symbol <. A common form of time-varying
current is the sinusoidal current or alternating current (AC) ,that is,an alternating current
is a current that varies sinusoidally with time. Such current is used in the household, to run
the air conditioner , refrigerator, washing machine and other electric appliances.
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Once we define current as the movement of charge, we expect current to have an
associated direction of flow. As mentioned earlier, the direction of current flow is
conventionally taken as the direction of positive charge movement.

1.3 Voltage

To move the electron in a conductor in a particular direction requires some work or
energy transfer. This work is performed by an external electromotive force ( emf) ,typically
represented by the battery in Fig. 1. 1. This emf is also known as voltage or potential
difference. The voltage u,, between two points A and B in an electric circuit is the energy
(or work) needed to move a unit charge from A to B; mathematically,

Upp = Eé' (1.3)
where w is energy in joules (J) and g is charge in coulombs (C). The voltage u 5 or simply’
u is measured in volts (V). From Eq. (1.3),it is evident that

1 volt =1 joule/coulomb =1 newton meter/coulomb '

Thus, voltage (or potential difference) is the energy required to 34
move a unit charge through an element, measured in volts (V).

Fig. 1. 3 shows the voltage across an element ( represented by a § Uy
rectangular block) connected to points A and B. The plus ( +) and
minus ( - ) signs are used to define the reference direction or voltage L 38

polarity. The u,; can be interpreted in two ways: (1) point A is at a
potential of u,; volts higher than point B,or (2) the potential at A
with respect to point B is u,,. It follows logically that in general
Uyp = ~Upgy. g (1.4)
Current and voltage are the two basic variables in electric circuits. The common term
signal is used for an electric quantity such as a current or a voltage when it is used for
conveying information. @ Like the electric current,a constant voltage is called a DC wvoltage
and is represented by U, whereas a sinusoidally time-varying voltage is called an AC wvoltage
and is represented by u. A DC voltage is commonly produced by a battery; an AC voltage is
produced by an electric generator.

Fig. 1.3 Polarity of

voltage u,,

1.4 Power and Energy

Although current and voltage are the two basic variableﬁ in an electric circuit,they are
not sufficient by themselves. For practical purposes, we need,to know how much power an
electric device can handle. We all know from experience that, a 100-watt bulb gives more
light than a 60-watt bulb. We also know that when we pay our bills to the electric utility
companies, we are paying for the electric energy consumed over a certain period of
time. Thus power and-energy calculations are important in circuit analysis.

To relate power and energy to voltage and current, we recall from physics that: Power

is the time rate of expending or absorbing energy, measured in watts (W). We write this
|
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relationship as

_dw

where p is power in watts (W) ,w is energy in joules (J),and ¢ is time in seconds (s).
From Eq. (1.1) ,Eq. (1.3) ,and Eq. (1. 5),it follows that

p=a-t—=d—q'az=u’i, (1.6)
or

p=ui (1.7)
The power p in Eq. (1.7) is a time-varying quantity and is called the instantaneous
power. Thus,the power absorbed or supplied by an element is the product of the voltage
across the element and the current through it. If the power has a + sign, it is being delivered
to or absorbed by the element. If, on the other hand, the power has a - sign, it is being
supplied by the element. But how do we know when the power has a negative or a positive
sign? ‘
Current direction and voltage polarity play major roles in determining the sign of
power. It is therefore important that we pay attention to the relationship between current ¢
and voltage u in Fig. 1. 4(a). The voltage polarity and current direction must conform with
those shown in Fig. 1. 4(a) in order for the power to have a positive sign. This is known as
the passive sign convention. By the passive sign convention, current enters through the
- positive polarity of the voltage. In this case,p = +ui or u¢ > 0 implies that the element is
absorbing power. However,if » = —ui or ui <0,as in Fig. 1. 4(b) ,the element is releasing

or supplying power.

s
®
=

p=+ui p=-ul
@ ®)
Fig. 1.4 Reference polarities for power using the passive sign convention
(a) absorbing power; ( b) supplying power

In fact,the law of comservation of energy must be obeyed in any electric circuit. For '
this reason,the algebraic sum of power in a circuit,at any instant of time, must be zero:
Zp=0 (1.8)
This again confirms the fact that the total power supplied to the circuit must balance
the total power absorbed.
From Eq. (1. 6) ,the energy absorbed or supplied by an element from time ¢, to time ¢
is .
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w = f;pdt = fuidt (1.9)
)
Energy is the capacity to do work, measured in joules (J). '
The electric power utility companies measure energy in watt-hours (W - h) ,where
1W-h=3600J

1.5 Summary

1. An electric circuit consists of electrical elements connected together.
2. Current is the rate of charge flow.

dg

1=

de
3. Voltage is the energy required to move 1C of charge through an element.

u—gﬂj‘
" dg .

4. Power is the energy supplied or absorbed per unit time. It is also the product of
voltage and current.

5. According to the passive sign convention,power assumes a positive sign when the
current enters the positive polarity of the voltage across an element.

New Words and Expressions

electromagnetic a. HELH fundamental a. EAHK
topology n. RN, HIPE commence v. HF, T
underlying a. FEAH) shock n. B, 1TH
conventionally ad. % FRIHH coulomb n. EA(HFHEA,IC=1A"-5)
with respect to XF,EF instantaneous a. BFEINS, BPATAG
deliver v. 3,44 ;B expend . JHFE,TE%H
conform with FF& , KR algebraic a. RE, RFREEK
instant n. A% confirm v. Wik, HE
Notes

!

@ Circuit theory is also valuable to students specializing in other branches of the physical/
sciences because circuits are a good model for the study of energy systems in generai,
and because of the applied mathematics, physics,and topology involved. /
i BN T T THFSE H SRP S B 4 S A 2 et 40 4, B e o — A AT AR
T AE S R B R GPIIT AR 3F B i B IS ¥ BB R B B AR Fh A B

® Charge is an electrical property of the atomic' particles of which matter consists,
measured in coulombs (C).

R R R AR T RO T R R SR, LRV
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® The common term signal is used for an electric quantity such as a current or a voltage
when it is used for conveying information.

HEERBBEXFAERATERELN, BRI EENES,

, Exercises

I. Translate the following phrases into English

1 g 2. B THE 3. HEl

4. BRPIE 5. BEHE 6. BSILH

7. IEHBHT 8. THFH 9. R

10. &% 11. B 12. Sk

13. zj 14. BEhHFH 16. e

16. Th 17. Rk 18. fRRSFEERR

1. Answer the following questions according to the text
What is the most basic quantity in an electric circuit?
What is the feature of electric charge or electricity ?
How is electric current created?
What is a DC?
What is an AC?
How does power transmit if the power has a + sfgn?
Il. Translate the following sentences into Chinese
1. An electric circuit is an interconnection of electrical elements.
2. Electric current is the time rate of change of charge.
3. Voltage (or potential difference) is the energy required to move a unit charge
through an element, measured in volts (V).
4. Power is the time rate of expending or absorbing energy ,measured in watts (W).
5. The power absorbed or supplied by an element is the product of the voltage across
the element and the current through it.
6. Energy is the capacity to do work,measured in joules (J).
7. The total power supplied to the circuit must balance the total power absorbed.
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2 Basic Laws of Electric Circuits

2.1 Introduction

Unit one introduced basic concepts such as current, voltage , and power in an electric
circuit. To actually determine the values of these variables in a given circuit requires
understanding some fundamental laws that govemn electric circuits. These laws, known as
Ohm’s Law and Kirchhoff's Laws, form the foundation upon which electric circuit analysis
is built. ©

2.2 Ohm’s Law

Materials in general have a characteristic behavior of resisting the flow of electric
charge. This physical property, or ability to resist current,is known as resistance and is
represented by the symbol R. The resistance of any material with a uniform cross-sectional
area A depends on A and its length 7, as shown in Fig 2. 1(a). We can represent resistance
(as measured in the laboratory) ,in mathematical form,

A
P4

R= (2.1)

Material with
resistivity @

Cross-sectional

area A

(a) (b)
Fig. 2.1 Diagrams of;
(a) Resistor; (b) Circuit symbol for resistance

where p is known as the resistivity of the material in ohm-meters. Good conductors, such
as copper and aluminum, have low resistivities, while insulators, such as mica and paper,
have high resistivities. The resistivity of semiconductors, such as carbon and silicon, is
between those of conductors and insulators.

The circuit element used to model the current-resisting behavior of a material is the
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resistor. For the purpose of constructing circuit, resistors are usually made from metallic
alloys and carbon compounds. The circuit symbol for the resistor is shown in Fig. 2. 1(b),
where R stands for the resistance of the resistor. The resistor is the simplest passive
element.

Georg Simon Ohm (1787—1854) ,a German physicist, is credited with formulating the
current-voltage relationship for a resistor. ® This relationship is known as Ohm’s Law.

Ohm’s Law states that the voltage u across a resistor is directly proportional to the
current ¢ flowing through the resistor.
That is,

uoxci (2::2)

Ohm defined the constant of proportionality for a resistor to be the resistance,R. (The
resistance is a material property which can change if the internal or external conditions of
the element are altered, e. g. ,if there are changes in the bemperature. ) Thus, Eq. (2.2)
becomes

u=1R (2.3)

which is the mathematical form of Ohm’s Law. R in Eq. (2.3) is measured in the unit of
ohms, designated (). Thus, the resistance R of an element denotes its ability to resist the
flow of electric current; it is measured in ohms ((}).

We may deduce from Eq. (2.3) that
U
7

Rz (2.4)

so that .
10=1V/A
To apply Ohm’s Law as stated in Eq. (2.3), we must pay careful attention to the
current direction and voltage polarity. The direction of current ¢ and the polarity of voltage
u must conform with the passive sign convention,as shown in Fig. 2.2 (b). This implies
that current flows from a higher potential to a lower potential in order for u =4R. If current
flows from a lower potential to a higher potential, u ;/ -1iR.

() ®)
Fig. 2.2 An element with.
(a) Short circuit( R =0) ; (b) Open circuit(R = )

The reciprocal of resistance R is named as conductance G.
Since the value of R can range from zero to infinity, it is important that we consider
the two extreme possible values of R. An element with R =0 is called a short circuit,as



