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Lesson 1 Fundamentals of Electric Circuits

An electric circuit or network is composed of elements such as resistors,
inductors and capacitors connected together in some manner. If the network
contains no energy sources, such as batteries or generators, it is known as a
passive network. On the other hand, if one or more energy sources are present,
the resultant combination is an active network. In studying the behavior of an
electrical network, we are interested in determining the voltages and currents that
exist in the circuit. In order to study electric circuits, let’s first define the
electrical characteristics of passive circuit elements.

In the case of a resistor, the voltage-current relationship is given by Ohm'’s
law, which states that the voltage across the resistor is equal 10 the current
through the resistor multiplied by the value of the resistance, ® Mathematically,
that is expressed as

u=iR (1-1)
where u is the voltage, V; 7 is the current, A; R is the resistance, .

The voltage across a pure inductor is defined by Faraday’s law, which states
that the voltage across the inductor is proportional to the rate of change with time
of the current through the inductor. Thus we have
di
dt

where di/d¢ is the rate of change of current, A/s; L is the inductance, H.

(1-2)

u:‘

The voltage developed across a capacitor is proportional to the electric charge
g accumulating on the plates of the capacitor. Since the accumulation of charge
may be expressed as the summation, or integral, of the charge increments dg, we

have the equation
u = inq (1-3)
C

where the capacitance C is the proportionality constant relating voltage and

charge. By definition, current equals the change rate of charge with time and is
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expressed as i =dg/dz. Thus an increment of charge dg is equal to the current
multiplied by the corresponding time increment, or dg==idt. Eq. (1-3) may then

be written as
u = %Jidt (1-4)

where C is the capacitance. F.
A summary of Eqs. (1-1), (1-2) and (1-4) for the three forms of passive
circuit elements is given in Fig. 1-1. Note that conventional current flow is used;

hence the current in each element is shown in the direction of decreasing voltage.

ug=iR u =Ldi/dt ue =(U/C) fidt
i=ug/R i=(/L) fudt  i=Cdudt
(a) Resistor (b) Inductor (c) Capacitor

Fig. 1-1 Passive circuit elements

Active electrical devices involve the conversion of energy to electrical form.
For example, the electrical energy in a battery is derived from its stored chemical
energy. The electrical energy of a generator is a result of the mechanical energy of
the rotating armature.

Active electrical elements mainly occur in two basic forms: voltage sources
and current sources. In their ideal form, voltage sources generate a constant
voltage independent of the current drawn from the source. The aforementioned
battery and generator are regarded as voltage sources since their voltage is
essentially constant with load. On the other hand, current sources produce a
current whose magnitude is independent of the load connected to the source.
Although current sources are not as familiar in practice, the concept does find
wide use in representing an amplifying device, such as the transistor, by means of
an equivalent electrical circuit, @

A common method of analyzing an electrical network is mesh or loop

analysis, The fundamental law that is applied in this method is Kirchhoff’s voltage
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law, which states that the algebraic sum of the voltages around a closed loop is 0,
or, in any closed loop, the sum of the voltage rises must equal the sum of the
voltage drops. Mesh analysis consists of assuming that currents—termed loop
currents—flow in each loop of a network, algebraically summing the voltage
drops around each loop, and setting each sum equal to 0.

Consider the circuit shown in Fig. 1-2(a), which consists of an inductor and
resistor connected in series to a voltage source e. Assuming a loop current i, the
voltage drops summed around the loop are

—e+tug+u =0 (1-5)

+ UrR - + Ur —
+ R +
‘f i )L du T i )L QW

@ (®)
Fig. 1-2 Series circuits containing R , L and C

The input voltage is summed negatively since, in the direction of assumed
current, it represents an increase in voltage. The drop across each passive
element is positive since the current is in the direction of the developed voltage.

Using the equations for the voltage drops in a resistor and inductor, we have

di . -
LE-I-Rz—e (1-6)

Eq. (1-6) is the differential equation for the current in the circuit.

It may be that the inductor voltage rather than the current is the variable of

interest in the circuit. ® As noted in Fig. 1-1, i = %JuLdt. Substituting this

integral for 7 in Eq. (1-6) gives

UL +EJuLdt — € (1—7)
L
After differentiation with respect to time, Eq. (1-7) becomes
du, | R ~_ de _
de + LuL - dr (1 8)

which is the differential equation for the inductor voltage,
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Fig. 1-2 (b) shows a series circuit containing a resistor, inductor and
capacitor. Following the mesh-analysis method, the circuit equation is

N L
La—f—Rl—'—EJldt—e

Recalling that current i=dgq/dt, a substitution of this variable may be made

(1-9)

to eliminate the integral from the equation. The result is the second-order

differential equation

2
Lg—t§+R%§+%=e

Words and Terms

network [‘netwa:kj n. X 2%
electrical circuit/network AL B, L 4%
(be) composed of e E325 40 =< RERREE R
resistor [ri'zista] 7. 2%
inductor [in'dakts] n. R 3R
capacitor [ ko'peesito] 7. HLARE
generator [ 'd3ensreita] 7. KB HHL
passive network TR M &%
active network RIEM%
on the other hand H—HHEHERRZ
resultant [ ri'zaltant ] adj. VENERE, S RE

n. L8R
combination [ kombi'neifon] n. HE. &8558, 55
behavior [ bi'heivis] n. L 170 s MR e, BN
characteristic [ keerikto'ristik| adj. FFAR 5N

n. FHAE , S HE (B 20D

in the case of Bhoveor 2RUL BReee - TIR L £E
Ohm [sum] 7. Bx i
resistance [ ri'zistons] . 2l
Faraday [ 'fzeradi] =. ERE
(be) proportional to Ejeeeeee BUIE LA

inductance [in'daktans] 7.

R R SRR R B BB
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charge [tfadz] n.
electric charge
plate [pleit] n.
integral ['intigrel] adj.
n.

increment [ 'inkrimont | n.
proportionality constant
Eq. (equation W 4ERZ1E) abbr.
capacitance [ ko'peesitans] n.
Fig. (figure FI4ER&IE) abbr.
conventional [ kan'venfonl] adj.
in the direction of
conversion [ ken'vaifan] n.
derive [di'raiv] vt.

vi.
armature [ 'amstjus] n.

independent of

aforementioned [ a'fo;ymenfand] adj.

(be) regarded as

magnitude [ 'meegnitju:d] n.

in practice

represent [ ripri'zent| vt.

amplify [ 'eemplifai] vt.

transistor [treen'zista| n.

by means of

equivalent [i'kwivalont] adj.
n.

equivalent circuit

symbolic [sim'bolik | ady.

mesh [mef] n.

fundamental [ fands'mentl] adyj.

n.
voltage drop
consist of

loop current

B 167 , 8 7

F, e
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B

Bm. g
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(BBE AR
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i JF

BB F AR S8 R
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term [toam]| n. 2, &3 &, RE
vt. *fﬁ j‘] ’ ﬂq ﬁ':

in series BER
differential [ difa'renfal] adj. i Gam:y)

n. - Gix
differential equation wahE
rather than SRR NiiE | XA
variable [ 'veariabl] =. A[AEY), A B

adj . IR, R

differentiation [ diforenfi'eifon] n. {43
eliminate [i'limineit] t. Hebe, 1B 18
Notes

@ In the case of a resistor, the voltage-current relationship is given by Ohm’s law,
which states that the voltage across the resistor is equal to the current through the
resistor multiplied by the value of the resistance.

WU BEOR UL, MR- X R AR RSN, RIBEARE S . MRS
FE 4T e B b et i b e LA o BELAEL

] which 5| S RYIEFRH 1tk 18 MW A]E i Ohm's law, that 5| B = iE N EIER
i EMN T PIERE.

@ Although current sources are not as familiar in practice, the concept does find
wide use in representing an amplifying device, such as the transistor, by means of an
equivalent electrical circuit.

BRBREELRRPAE R ERESH RGBT S8 BB
(hean SR E) BB ZMA.

4] 058 A) &, does i T-3& 1A1H15 3417 find, 5515 such as the transistor fEf6 A
&, /1A 518 by means of ... {E44 {74 1E an amplifying device lEiE,

® It may be that the inductor voltage rather than the current is the variable of
interest in the circuit.

B E R BE T, ARG K20 B R el e P T AN R e SRR .

A4 R5R AR, It T INRIES, HER AR It is/was .. that(GRIFARATH

who) ... 7,
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