Nonlinear state equation formulation
Example # 1
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Example # 2 (Hasler-Neirynck, p. 113)

Let us consider the Wien-bridge oscillator of figure 2.56 (vol. VIIL, subsec.
5.3.5). The associated resistive circuit is shown in figure 2.57. According to (2.146),
the currents 7, and i, must be expressed as a function of the voltages ¥, and Yos. If
the two-port were linear, the admittance matrix should be calculated.
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Nonlinear state equation formulation: step 1 (Hasler-
Neirynck, p. 112)
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Capacitor

. If the capacitor is voltage-
controlled, i.e,,

g = I5.i'11.'.|'[t"|:.'|:' (4. 14a)

then choose capacitor volfage
vy 85 the state variable.

. If the capacitor 15 charge-
controlled, ie.,

Uy = Byl gey) (4.14b)

then choose capaciter charge @
as the state varable.

Nonlinear state equation formulation: step 2 (CDK, p. 405)

Irducior

1. If the indwctor s currend-

conirled, i.e.,

;= dyliy,)  (4.15a)

then choose fnducior crrreni
) a8 the state varable,

Z. If the inductor 15 fux-confrodled,

e,
i =ty (d,) (4.158)

then choose inducior fluc o,
as the state variable.




Example # 3

SC coNnALNL ﬂw AN D mvw!rm (€DK, p.401)
. [ " .—(:q ba ".Li'.
¢ St & :
4’5‘“} RT 4 g, L= Losaa k s
- (T c..eL:irl-so'.A jun\clriou)

A sactannc Uy e @, conne S [ L, BB TG . )
Creo U cirenilo moinki vo assoctate

General remarks (CDK, p. 364 and 400)

1.

There are two important reasons for writing state equations. Fiest, all
properly modeled circuits have a well-defined state equation. Second, most
analytic and numernical methods for solving nomlinear ditferential equations are
formulated in terms of the above standard form.

Mote that to qualify as a state equation, f, and 1. must appear on the
left-hand side, and only r, and x, can appear on the right-hand side, in
addition to possibly the independent ume vanable ¢,

In the special case where the circuit contains only time-invariant elements
and de independent sources, the time variable does not appear explicitly. Tn
this case, Eq. (4.1) reduces w

AutnBOmimes ¥ = lez-x}
state equation I'l'-ﬁ*.#i‘] or R=fx) (4.2)

Equation (4.2} is usually called an sufonomous state equation in the litera-
wre.” Consequently, dynamic circuits containing only lincar) time-invariant
elements and dc sources are called automomows circuits.
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6.1.1.3 Non-guionomous dynomical systems

A non-autonomons n-dimensional continuous-time dynamical system may be transformed
to an (n + 1)-dimensional auronomous system by appending time as an additional state
variable and writing

() = FX(), Xana(t))
Kotar(t) !

i

(3)



