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Chapter 1 Fundamentals of Electric Circuits

Section 1 Current and Voltage

Two variables u(f) and i(f) are the most basic concepts in an electric circuit, they characterize
the various relationships in an electric circuit.

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

We know from elementary physics that all matter is made of fundamental building blocks
known as atoms and that each atom consists of electrons, protons, and neutrons. We also know that
the charge e on an electron is negative and equal in magnitude to 1.60210x10™"°C, while a proton
carries a positive charge of the same magnitude as the electron. The presence of equal numbers of
protons and electrons leaves an atom neutrélly charged. ,

We 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.1-1 illustrates. This convention was introduced by Benjamin. Franklin (1706~1790),
the American scientist and inventor. Although we now know that current in metallic conductors is
due to negatively charged electrons, we will follow the universally accepted convention that current
is the net flow of positive charges. Thus, Electric current is the time rate of charge, measured in
amperes (A). Mathematically, the relationship among current i, charge ¢, and time ¢ is

i=% (1-1)
dt e -0 -
The charge transferred between time fy and ¢ is -0 -0
obtained by integrating both sides of Eq. (1-1). We
obtain + =
— t. I
9= ,Oldt (1-2) Fig.1-1 Electric current due to flow of

The way we define current as i in Eq. (1-1) suggests electronic charge in a conductor

that current need not be a constant-valued function, charge can vary with time in several ways that
may be represented by different kinds of mathematical functions.
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Voltage, Energy, and Power

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 uy,
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

Uap= dw (1-3)
dg _
where w is energy in joules (J) and ¢ is charge in coulombs (C). The voltage u,, is measured in
volts (V), named in honor of the Italian physicist Alessandro Antonio Volta (1745~1827), who
invented the first voltaic battery. Thus, Voltage (or potential difference) is the energy required to
move a unit charge through an element, measured in volts (V).

Fig.1-2 shows the voltage across an element (represented by a rectangular block ) connected to
points a and b. The plus (+) and minus (-) signs are used to
- define reference direction or voltage polarity. The uy, can be

interpreted in two ways: Dpoint a is at a potential of uy, volts
lj Uap higher than point b; @the potential at point a with respect to

point b is u,,. It follows logically that in general

_ Uy =—Upy (1-4)
-——ob
Although current and voltage are the two basic variables in
Fig.1-2 Polarity of voltage ua, an electric circuit, they are not sufficient by themselves. For
practical purposes, we need to know power and energy. 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 relationship as
_dw
P=
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=ui (1-6)
Because u and i are generally function of time, the power p in Eq. (1-6) is a time-varying

(1-5)

quantity and is called the instantaneous power. 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 plus sign,
power is being delivered to or absorbed by the element. If, on the other hand, the power has a
minus sign, power 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 a major role in determining the sign of power. It is
therefore important that we pay attention to the relationship between current i and voltage u in
Fig.1-3(a). The voltage polarity and current i direction must conform with those shown in Fig.1-3(a)
in order for the power to have a positive sign. This is known as the passive sign convention. By the
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passive sign convention, current enters through the positive -~ s . .

polarity of the voltage. In this case, p = ui or i > 0 implies ¥ "

that the element is absorbing power. However, if p = —ui or [] - ua

ui <0, as in Fig.1-3(b), the element is releasing or

supplying power. ~ ~
In fact, the law of conservation of energy must be petui ’ pz_m.b

obeyed in any electric circuit. For this reason, the algebraic (a) (b

sum of power in a circuit, at any instant of time, must be  Fig.1-3 Reference polarities for power

ZET0

using the passive sign convention

> p=0 Q1-7) (a) absorbing power; (b) supplying power

This again confirms the fact that the total power supplied to the circuit must balance the total

power absorbed. From Eq. (1-7), the energy absorbed or supplied by an element from time ¢, to

time £ is

current

voltage
variable

charge.
coulomb
circuit
underlying
electron
positive charge
negative charge
magnitude
electromotive
electromotive force
ampere
integrate

work

potential difference
rectangular
joule

volt

voltaic battery
convention

1
w= J;Opdt (1-8)
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reference direction S JT )

polarity n. R

power n. OTIE, HE @15, B, B, BE OFF, B
watt n. FF (THERHRAD

time-varying a. WA

instantaneous power  HEATIhE

passive a. OFXEK OHERNM, #3hH; n LE

algebraic a. R

instant n. BFE], BEE, BRZI, B, BZI

Notes

1. Charge is an electrical property of the atomic particles of which matter consists, measured in
coulombs.
R R BRI B TR SR, HBIhES,

2. The presence of equal numbers of protons and electrons leaves an atom neutrally charged.
By BT HEMRESR T2 E M. leave FEMAE “fF, b7 ¥F,

3. 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.

LB Ay b PRI IE uy S F M a Bl b BRI BAEMATEE (SRR,
Tk 3% E R

FERERARNER. LS, FEZRAEARER. FARARRME L RGREEA S
2. WEMA WTO 5, StHF&SEERS TREREAsURBNEREE. TR, BFHN
WE, BRFCEAREMER ., T EHARCR,. TERE RS AR, Fitk, BsTE
R BE S U TAEE DR % RIFERMIEER IS IGER S, Aaemik. Pum.
R R B AR E RN REGRERARTR, 4880 -5 WS ERRE.

B LERE A SV EERIEEBRS TEEL AFMLE AN, Bt WiEE
RUMBEEEARER . T AIAIEERBREN. B2, EHANAER, S3EESHEmE
BHERKNEN, HXENEWAFTW TR A:

(D KA%, ANEE—ABERE—MIF;

(2) KEMAESESMIEEEHE,

3) MAEES;

(4) ZiEtind%;

(5) FRABIIES TS,

(6) BWARE. A RHFEHREBERIACE.

EAp SR DM B, BRI E AL, REFRERT Y, AF
HER, FEZR. B3 MRS, BEFUELMEE. 5 V3EERTREIEEE, A
AREIGENR A, S LNARRER, TR, fli, F—MarErRERKELEES,
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HR X TR . ARERHE L IERE & B

BERWIERNFY, MBS R, FREABHEVEL, SERBEWIGENFE. Q%
HIE R, RETAWSEERFI SRR BRI NE R

HIERBEM S IGESTREE, AR AGERE, BT ERRITMGHIE A IGERE
FHSh, BEAA—RIEWMRMENKE, FESEVATHR, FHREHELRIE.

Exercises

L. Choose the best answer into the blank
1. It is conventional to take the current flow as the movement of

A. negative charges B. positive charges C. any charge D. protons
2. Electric current is the time rate of charge, measured in
A. watts B. volts C. joules D. amperes
3. The energy required to move a unit charge through an element is
A. current B. power C. voltage D. potential
4. The plus (+) and minus (-) signs in an electric circuit diagram are used to define
A. voltage polarity ~ B. current direction C. power flow D. absorbed power
5. According to the passive sign convention, if the power has a plus sign, power is by the
element. '
A. supplied B. absorbed C. generated D. transferred

IL. Answer the following questions according to the text

1. Is current in any electric circuit always a constant-valued function? Why?

2. How does current change when the time rate of charges is greater?

3. How to interpret the #,, = —1 volt in two ways?

4. What relation is between power and energy? ’

5. Why do current direction and voltage polarity play a major role in determining the charac-
teristics of power?

Section 2 Circuit Elements

An electric circuit is simply an interconnection of the elements. There are two types of
elements found in electric circuits: passive elements and active elements. An active element is
capable of generating energy while a passive element is not. Examples of passive elements are
resistors, capacitors, and inductors. The most important active elements are voltage or current
sources that generally deliver power to the circuit connected to them.

Independent sources

An ideal independent source is an active element that provides a specified voltage or current
that is completely independent of other circuit variables.
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An independent voltage source is a two-terminal element, such as a battery or a generator,
which maintains a specified voltage between its terminals. The voltage is completely independent
of the current through the element. The symbol for a voltage source having u volts across its

terminals is shown in Fig.1-4(a). The polarity is as shown, indicating that terminal a is # volts.

above terminal b. Thus if # > 0, then terminal a is at a higher potential than terminal b. The
opposite is true, of course, if # < 0.

In Fig.1-4(a), the voltage u may be time
varying, or it may be constant, in which case we
would probably label it U. Another symbol that is
often used for a constant voltage source, such as a
battery with U volts across its terminals, is shown in

b Fig.1-4(b). In the case of constant sources we shall

(®) use Fig.1-4(a) and 1-4(b) interchangeably.
Fig.1-4 Symbols for independent voltage sources ‘We might observe at this point that the polarity
(a) used for constant or time-varying voltage; marks on Fig.1-4(b) are redundant since the polarity

(b) used for constant voltage (dc) could be defined by the positions of the longer and

shorter lines.

An independent current source is a two-terminal element through which a specified current
flows. The current is completely independent of the voltage across the element. The symbol for an
independent current source is shown in Fig.1-5, where i is the specified current. The direction of the
current is indicated by the arrow.

Independent sources are usually meant to deliver power to the external circuit and not to
absorb it. Thus if u is the voltage across the source and its current i is directed out of the positive
terminal, then the source is delivering power, given by p = ui, to the external circuit. Otherwise it is
absorbing power. For example, in Fig.1-6 (a) the battery is delivering 24 W to the external circuit.
In Fig.1-6(b) the battery is absorbing 24 W, as would be the case when it is being charged.

1A 1A

a 0 a
a e
+
24V —24v
; - -
b —ob
b @ (®)
Fig.1-5 Symbols for independent current sources Fig.1-6 Symbols for independent sources

(2) A source delivering power; (b) A source absorbing power

Dependent sources
An ideal dependent (or controlled) source is an active element in which the source quantity is
controlled by another voltage or current.
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Dependent sources are usually designated by diamond-shaped symbols, as shown in Fig.1-7.
Since the control of the dependent source is achieved by a voltage or current of some other element
in the circuit, and the source can be voltage or current, it follows that there are four possible types
of dependent sources, namely:

(1) A voltage-controlled voltage source (VCVS). 7
(2). A current-controlled voltage source (CCVS). +
(3) A voltage-controlled current source (VCCS). <> u i
(4) A current-controlled current source (CCCS). _
(b)

Dependent sources are useful in modeling elements

)

such as transistors, operational amplifiers and
’ (a)

integrated circuits.

It should be noted that an ideal voltage source Fig.1-7  Symbols for dependent sources

(dependent or independent) will produce any current (&) Dependent voltage soure; () Dependent current souroe
required to ensure that the terminal voltage is as stated, whereas an ideal current source will
produce the necessary voltage to ensure the stated current flow. Thus an ideal source could in
theory supply an infinite amount of energy. It should also be noted that not only do sources sﬁpply
power to a circuit, but they can absorb power from a circuit too. For a voltage source, we know the
voltage but not the current supplied or drawn by it. By the same token, we know the current

supplied by a current source but not the voltage across it.

New Words and Expressions

active a. OFEM, AWM, R O Fa, L3,
BURE @IEEER, BUTE, B

active element HIR T

resistor n. HipH, HFASE

capacitor n. B

inductor n. HRKER

source n. BE, Ot 68 30, 59, 85 W 3k B B

ideal independent source BEAR ST YR

generator n. QREH @ (kop, 55, 54 RESR, £y
&, g

constant voltage source 1E5E HL R IR

independent source JhSTYR

dependent source SRR

controlled source SR

diamond-shaped a. EIEH

voltage-controlled voltage source P, H 423 1 B FR U5

current-controlled voltage source PR, A 42 ] P R

voltage-controlled current source H P 428 1) v VAR OB
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current-controlled current source B Y I FEL VR
transistor n. @BEE, FSEE
operational a. QBEM, WTEKN OHBEM, TIEH, LEW,
etz i)
amplifier ' n. KSR
integrated circuit £R AN EE B
token n. OfFid, BRI, 25 QFFE, WEH
by the same token M2, FR: B4 &F
Notes

1. In Fig.1-6(b) the battery is absorbing 24 W, as would the case when it is being charged.
B 1-6 1, HHURGETE RGN, BRTHE 24W, _

2. It should be noted that an ideal voltage source (dependent or independent) will produce any
current required to ensure that the terminal voltage is as stated, whereas an ideal current source
will produce the necessary voltage to ensure the stated current flow.

ROZER: —NEERER GRSLERE) 7 W B R AHER B LA RIE H o R D HE(E,
T FEL YR AT ) PR BR SR A B i R LR IEFC AL 8 B i

BIRBES BAR, NERAAR. FERLAcE, REQCHREHE EHRERILAE
BIE], AW RA—MESXEREN S, MEFRESREE—METRENNE, SEME
WA A —AE S RIE MR, HTREMMGEEESRNMIME LEATMHE, SH%F A, ERC
FIEE EOEHRRER ., EREERE, BB RS AR B SAR 2, 720
) LRSS DUE RIS A ST 15

TN TR BN R M MR, FEANNFERBIFNAER TN, ERER
WrER R M EB R N ZEIEE, A RRMUF XTI TAE . X F 2 L30B8, AT “HEHmEE 7. “@
JGE T, “HRIGRATH X =TARE

(D BHAE, —EEERHTIRBREFRHNE X, TNEFHBPIRRZL, EERAE
LEBLFECG —EEEANOMBERXHNEL, TEEEHMAE. SEENTZLA. BRI
—hriE, ESCERRIM. IERHERR RS0, FURAE LR SR B R Sl

(2) BW=E, RIEFXNAEPHXMIEEER, BORY, FREmEsE: RN
FEE, ANREREIR TR T RSCH™EE, RETERCMAE. BT, —RiEiER
IEffi, —RESREER.

(3) A, RIEWCERWHERE. K, BRETART, RANAEGTMAERKR. ik
PIX—Prie, TEBEHARECEMERE], FIRE SRR RIEE, JRIFCHEERR. Mk
.

T FTERE A RONIE B L) L= RA5HE, FRBILL T LA ER:

(1) BEERIEBEMR. QRHRAE. ENEMOIRAE. EBEERS, Bidimss
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B, AR T EMRBERE. U, TERRHSESIMEBIEERE, BRIGEKFE.

(2) AH—EREREVAIRNEN T BREMIR. RABMRABERT MR, F

REFERNIE AR, EFMERE N EWEARNE, FHREREMOELRE. BTFERZEN
BRAMKBRER, TXAFRBRSRE, Fit, EFE 7T HLMEREZBH—BFR.
(3) ARRENDEETR. HEEBCYRLRIIE B UGE KB 8 T BORMEFHURIA RS HEAR
WA ‘ :
(4) EREBETENKTT. MRBIGESME LA, EiE. ALK RBET BT,
ERFESE DA RBOAR O N T TR, '

Exercises

I. Choose the best answer into the blank

1. An independent voltage source is a , which maintains a specified voltage between its
terminals.
A. one-terminal element B. two-terminal element
C. three-terminal element D. four-terminal element
2. Resistors are elements.
A. passive B. active
C. independent source D. dependent source
3. An ideal dependent source is an element in which the source quantity is controlled by

another voltage or current.

A. passive B. active
C. independent D. inductive
4. There are possible types of dependent sources.
A. two B. three
C. four D. five

must be determined by the

5. For a voltage source, its terminal voltage is known but its
external circuit connecting with it. )
A. electromotive force B. current
C. control coefficient D. polarity

I1. Answer the following questions according to the text

1. What difference is there between an independent source and a depéndent source?

2. What element is an ideal independenf source?

3. Is the voltage of an independent voltage source dependent of the current through the element?
How to find the current through it?

4. What are four possible types of dependent sources?

5. Is the terminal voltage of independent voltage source always constant?

III. Translate the following into Chinese

All the simple circuit elements that will be considered in the work that follows can be




