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Combining In-Series Capacitors
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Figure 5-16: Capacitors in series.

Combining In-Parallel Capacitors
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Figure 5-17: Capacitors in parallel.

Voltage Division
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Figure 5-19: Voltage-division rules for (a) in-series resistors
and (b) in-series capacitors.
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Exercise 6-1: For the circuit in Fig. E6.1, determine

vc(0), 11.(0), UL(O) ic(0), ve(o0), and i1, (00). 0
v _ (o) =IA dc o g0
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Figure E6.1

Answer: uc(0) =6V, iL(0)=1A, W (0)=—-6YV,
ic(0) =0, ve(oo) =0, ip(00) = 0. (See CAD)
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Figure 6-7: Series RLC circuit connected to a source Vs at
t = 0. In general, the capacitor may have had an initial charge
onitatt = 07, with a corresponding initial voltage vc(07).

6-3.1 Differential Equation
For the circuit in Fig. 6-7, the KVL loop equation for 7 > 0

(after closing the switch) is

) dic .
Ric + L E +vec =V (fort = 0), (6.2)
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For convenience, we rewrite Eq. (6.4) in the abbreviated form

UE-J—aU&-i—buC:c. (6.5)
where
R S
a=—, b:L, c:ﬁ. (6.6)
L LC Le

6-3.2 Solution of Differential Equation

The general solution of the second-order differential equation
given by Eq. (6.5) consists of two components:

ne
ve(1) : ullny® (6.7)

where v () is the fransient (also called homogeneous solution
of Eq. (6.5) or the natural response of the RLC circuit)
and vg(1) is the steady-state solution (also called particular
solution).” The transient solution is the solution of Eq. (6.5)
Tnder source-free conditions; i.e., with Vi = 0, which means
that ¢ = Vi /LC also is zero. Thus v () is the solution of

vl + al){r +byy =0 (source-free). (6.8)

5",3:)4’3'\)'3&4‘:‘” (6.11)

where A and s aré constants to be determined later. To ascertain
that Eq. (6.11) is indeed a viable solution of Eq. (6.8), we
insert the proposed expression for vy (1) and its first and second
derivatives in Eq. (6.8). The result is

s2Ae™ +asAe™ + bAe" =0, (6.12) z
Laxit-4b
=z —
2 %)

which simplifies to
S as+b=0. (6.13)

Hence. the proposed solution given by Eq. (6.11) is indeed an
acceplable solution so long as Eq. (6.13 atisfied.

The quadratic equation given by Eq. (6.13) is known as the
characteristic equation of the differential equation. It has two
TO0LS:

sk (%)'75_ (6.14a)
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2
_'22,%‘, (E)Z,h‘ (6.14b)

The existence of two distinct roots implies that Eq. (6.8) has
two viable solutions, one in terms of ¢*!’ and another in terms
of e*2!. Hence, we should generalize the form of our solution to

Ue(t) = Are!’ + Are®’ fort =0, (6.15)
where constants Ay and Aj are to be determined shortly.

Inserting Eq. (6.15) into Eq. (6.10) leads to

ve(t) = Are® + Aze™ + ue(00). (6.16)
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To determine the values of constants A; and Az in Eq. (6.16),
we need to invoke initial conditions. which means that we need
to use information available to us about the values of vc and its

time derivative vg:, both at r = 0. Since

Invoking Initial Conditions

due
ictt) =€ %’,‘

. (6.19)

the second requirement is equivalent to needing to know ic (0).
Att = 0, Eq. (6.16) simplifies to

ve(0) = Ay + Az + ve(0), 16.20)
and
d
i@ =C S8 = ClsiAe + A2,
di i =
= C(s1A| + 52A2). 6.21)

Simultaneous solution of Eqs. (6.20) and (6.21) for Ay and Az
gives

Current
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Table 6-1: Step response af RLC circuits far i = 0.
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