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Part 1 Fundaments of Electric Circuits

1.1 Circuit concepts

1.1.1 Text

Passive and Active Elements

An electrical device is represented by a circuit diagram or network constructed from
series and parallel arrangements of two-terminal elements. The analysis of the circuit
diagram predicts the performance of the actual device. A two-terminal element in
general form is shown in Figure 1.1.1, with a single device represented by the
rectangular symbol and two perfectly conducting leads ending at connecting points A and
B, Active elements are voltage or current sources 4 B

o—-~{3——o

which are able to supply energy to the network. Figure 1.1.1 A two-terminal element

Resistors, inductors, and capacitors are passive in general form.
elements which take energy from the sources and either convert it to another form or
store it in an electric or magnetic field.

Fig 1. 1. 2 illustrates seven basic circuit elements. Elements (a) and (b) are voltage
sources and (c) and (d) are current sources. A voltage source that is not affected by
changes in the connected circuit is an independent source, illustrated by the circle in
Figure 1. 1. 2(a). A dependent voltage source which changes in some described manner
with the conditions on the connected circuit is shown by the diamond-shaped symbol in
Figure 1. 1. 2(b). Current sources may also be either independent or dependent and the
corresponding symbols are shown in (¢) and (d). The three passive circuit elements are
shown in Figure 1. 1.2(e), (), and (g).

%) ﬂ% ’%P '# R L <‘=}‘
(a) (b) (¢) (d) (e

) (g)

Figure 1. 1.2 Seven basic circuit elements.

The circuit diagrams presented here are termed lumped-parameter circuits, since a

single element in one location is used to represent a distributed resistance, inductance,

rz]

or capacitance-*'. For example, a coil consisting of a large number of turns of insulated



wire has resistance throughout the entire length of the wire. Nevertheless, a single
resistance lumped at one place as in Flgure 1. 1. 3(b) or (c) represents the distributed
resistance. The inductance is 11kew1se 1umyed at*one place, either in series with the
resistance as in (b) or in parallel as in (¢).

o TS ey B

Rg

Ls

(b)

Figure 1. 1.3 (a)A cqil; (b)A single resistance; (c)The distributed resistance. .

In general, a coil can be represented by either a series or a parallel arrangement of
circuit elements. The frequency of the applied voltage may require that one or the other
be used to represent the device.

Sign Conventions

A voltage function and a polarity must be specified to completely describe a voltage
source. The polarity marks, -+ -and —, are placed near the conductors of the symbol
that identifies the voltage source. If, for example, v = 10.0sinet in Figure 1. 1. 4(a),
terminal A is positive with respect to B for 0 >« > n , and B is positive with respect to
A for ® > @t = 2= for the first cycle of the sine function.

E : o RLC oL
Sy (b) ' (ed

Flgure 1.1.4 A Voltage Source,a current source and passwe circuit element,

Sxmxlarly, a current source requires that a dxrecuon be mdlcated, as well as the
function,. as shown in .Figure 1. 1. 4(b) ©). For passive circuit elements R, L and C,
shown in Figure 1. 1. 4(c), the terminal where the current enters is generally treated as
positive with respect to the terminal where the current leaves..

The sign on power is illustrated by the DC circuit of Figure 1. 1. 5(a) with constant
voltage sources V, = 20.0 V and V5 = 5.0 V and a single 5 Q resistor. The resulting
current of 3. 0 A is in the clockwise direction. Considering now Figure 1. 1. 5(b), power
is absorbed by an element when the current enters the element at the positive terminal.
‘Power, computed by VI or I’R , is therefore absorbed by both the resistor and the V3
soul_'ée, 45.0 W and 15 W respectively. Since the current enters V, at the negative
terminal, this element is the power source for the circuit. P = VI = 60.0 W confirms

2



that the power absorbed by the resistor and the source Vg is provided by the source V.

L350 _ b emy s
~

+ * +
= = D o) (
200 V_T F30A ‘{, 50V _A J=30A B

(a) (b>

Figure 1. 1.5 DC Circuit and its current direction.

Voltage-Current Relations 5

The passive circuit elements resistance R, inductance L, and capacitance C are
defined by the manner in which the voltage and current are related for the individual
element. For example, if the voltage v and current i for a single element are related by a
constant, then the element is a resistance, R is the constant of proportionality, and v =
Ri . Similarly, if the voltage is the time derivative of the current, then the element is an
inductance, L is the constant of proportionality, and v = Ldi/dz. Finally, if the current
in the element is the time derivative of the voltage, then the element is a capacitance, C
is the constant of proportionality, and i = Cdv/dt. Table 1.1.1 summarizes these
relationships for the three passive circuit elements. Note the current directions and the

corresponding polarity of the voltages.

Table 1. 1. 1 The voltage-current relationships for the three passive circuit elements.

Circuit element Units Voltage - Current Power

+ v -
o3 ‘ ohms (Q) v=Ri i=% p=u =R
i Resistance

J:_NW\—J) henries(H) "u=L-d—i izij.'udt—l-kl p=u’=Li£
o+ v - dt L dr
i Inductance

N d d

o—|}— farads (F) | v = Clidi+4, i=cd p=vi=0
.- Capacitance d d

Resistance

All electrical devices that consume energy must have a resistor (also called a
resistance) in their circuit model. Inductors and capacitors may store energy but over
time return that energy to the source or to another circuit element. Power in the
resistor, given by p = vi = i*R = 7*/R , is always positive. Energy is then determined

as the integral of the instantaneous power
H

w = Jzzpdt — RJZizdt = %J:gvzdt

4



Inductance

The circuit element that stores energy in a magnetic field is an inductor (also called
an inductance). With time-variable current, the energy is generally stored during some
parts of the cycle and then returned to the source during others. When the inductance is
removed from the source, the magnetic field will collapse; in other words, no energy is
stored without a connected source. Coils found in electric motors, transformers, and
similar devices can be expected to have inductances in their circuit models. Even a set of
parallel conductors exhibits inductance that must be considered at most frequencies. The

power and energy relationships are as follows.

g di Tl
p=u =L dt[ 5 Li ]
w, = J[ pde = ’ Lidt = %L[z% — %]
Energy stored in the magnetic field of an inductance is w, = %Li2

Capacitance

The circuit element that stores energy in an electric field is a capacitor (also called
capacitance). When the voltage is variable over a cycle, energy will be stored during one
part of the cycle and returned in the next. While an inductance cannot retain energy
after removal of the source because the magnetic field collapses, the capacitor retains the
charge and the electric field can remain after the source is removed. This charged
condition can remain until a discharge path is provided, at which time the energy is
released. The charge, g = Cv , on a capacitor results in an electric field in the dielectric

which is the mechanism of the energy storage'®’.

In the simple parallel-plate capacitor
there is an excess of charge on one plate and a deficiency on the other. It is the
equalization of these charges that takes place when the capacitor is discharged®. The
power and energy relationships for the capacitance are as follows.
. dv dril .
—vi=Co %= —[—Cv ]
p=m Ydr T @2
f f2 1 , ,
we = [ pdt = | Codo = LCTof — o]
1l 6

The energy stored in the electric field of capacitance is we = %Cvz.

Circuit Diagrams
Every circuit diagram can be constructed in a variety of ways which may look
different but are in fact identical. The diagram presented in a problem may not suggest
the best of several methods of solution. Consequently, a diagram should be examined
4



before a solution is started and redrawn if necessary to show more clearly how the
elements are interconnected. An extreme example is illustrated in Figure 1. 1. 6, where
the three circuits are actually identical. In Figure 1. 1. 6(a) the three*junctions” labeled
A are shown as two“junctions” in (b). However, resistor R, is bypassed by a short
circuit and may be removed for purposes of analysis. Then, in Figure 1.1.6(¢) the

single junction A is shown with its three meeting branches.

Ry

A A
(a) (b) €]

Figure 1. 1.6 An extreme example that the three circuits are actually identical.

1.1.2 Specialized English Words

electrical device S IGH instantaneous AT Y
conducting lead 3B|4k{& magnetic field ®i
resistor HiPHRE time-variable B{AF @
resistance EgfH ,[H{H coil #£kB

inductor E3,JBXE% electric motor HL B
capacitor HLZAZE transformers . A JE 2%
capacitance HLH dielectric HLA R
passive elements TR oM mechanism #L3

active elements & IEIGH paralleled-plate 474k

illustrate & f# charges H1

circuit diagram 5 & &

lumped-parameter circuits

lumped £ 8/

£ LSRR

sign 5
power I
sine IE5%

polarity &M
energy FEE

deficiency B=, AR
equalization ¥4, %4k
junction ¥ &

term  ARig
distributed 43 fF
cycle R

derivative %



1. 1.3 Notes _

[1JA two-terminal element in general form is shown in Figure 1. 1. 1, with a single
device represented by the rectangular symbol and two perfectly conducting leads ending
at connecting points A and B. A “withe” R AR E B AR IE B is shown”, M4 AT
B Zmun - nE L LIFER, ERAKFTERAS AL A, B Jykk & 6™ B
HAEGILRERERNY.”

[2]The circuit diagrams presented here are termed lumped-parameter circuits, since
a single element in one location is used to represent a distributed resistance. inductance,
or capacitance. ] 4 “since” J5 & R B R EMN AT, R LA RTE A 4, WARERH
TRATE AAL TR 8 T4 e 2R 40 7 e BEL . i BB AL 20, BT LA X B B 971 o 3 et e B
B AEBRSEBFK.”

[3]Similarly, a current source requires that a direction be indicated, as well as the
function, as shown in Figure 1. 1. 4(b). “as well as” 7E/A] t¥E K 351 7% 8 76 BL 45 54E o
RE W, X B R G 89" function” FI 8T 87 B9 “direction” —REF B . A ATEXS
BEFEREM BRBEOFERAL AR a ., E 1. 1. 4R

[4]The charge, ¢ = Cv , on a capacitor results in an electric field in the dielectric
which is the mechanism of the energy storage. H]H1“results in” HiE LRGP E T e
iR, “which” 31 RMIEREHEENTARBHITHARNTT. WATFEABE
HHPREA, ¢ = Co , BB AP =ERY, XELEHAHREARENILIE,”

[5]1It is the equalization of these charges that takes place when the capacitor is
discharged. AJH“It is-+that” #3811 &Y, 58 8 315 “the equalization of these charges”,
W) AT B A 2 E 2 R N, R AR AR b G e e A 1 2 L

1. 1.4 Reference Translation

BEE RS

ZBRTESHRTH

WL IO R e R I SR R B L T oh BB R R B A B MR T A R . %o
WL R S 0T R PG SRR S B RE . M onF R — BB K 1. 1.1 iR, ERA K
TS KL A, B R sl P BB AE 5| RAKE R . TR T2 5 BE ) o K I 245 4R
MR B RRSUE R IR, B R AR TR AR, & 110 W IR B, o o gt
ERAUNEMEARGEFBERGERG T,

BLLZARTEMESBEITH., T4 M) EBER, (O EBTRE,
B LlL2@f nEERROERTEER EARMEELREAMER, ZHEAER
PEFT R AR R RO E 2R L, UE L L2 FRMERLER. BT
.53 S P ST F O ROF 3% 455 R W UR L MR B RS 4 SR F (ORI . B 1. 1. 2¢e) (D FI(R)
Bt R A =R R R BB T S .
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