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Figure 5-28: RC circuit with an initially charged capacitor that
staris to discharge its encrgy affer £ = 0.

d
RC % P} (5.69)

Upon dividing both terms by RC, Eq. (5.69) takes the form

dd_UrC +avec =0 (source-free), (5.70)
fc[o')=1/5 (1 c)
a= ! (5.71)
= zE 5.

Tiable 5-5: Response forms of hasic frst-oder circuits.
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‘The top horizontal sequence involves solving a diffcrential equation entirely in the time domain. The bottom horizontal
ves a much easier solution of a linear equation in the s-domain.
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which now contains a single dependent variable, i(1),

s and voltages

We designate I(s) as the s-domain counterpart of i (r)

¢ current flowing through the loop and v (1) is  Tables 12-1and 12:2, as follows:
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To transtorm Eq. (1237) 1o the s-domain, we apply the
appropriate property or Laplace transformation (LT) from

RI+ ' PR (12.39)
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Table 12-1: Properties of the Laplace transform (f (1) =0 forf < 07).

Property 10} Fis) = LIf(1)]
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Response to V, u(t) alone

The response v(f) is given by Eq. (5.96) with vy(0) =0,
vp(o0) = V. and T = RC. Hence,

i) = v1(00) + [L1(0) — vy (o0)]e ™"
=Vl —e %)y (fort>0).
For Vy=10Vandt = RC =25 x 10 x 02 x 1073 =55,
vi(1) = 1001 — ¥ V__ (fort > 0).

Response to =V, u(t — 4) alone
The second step function has an amplitude of — V; and is delayed
in time by 4 s. Upon reversing the polarity of V, and replacing
t with (f — 4), we have
va(t) = —10[1 —e P2V (fort > 45).
Total response
The total response for ¢ = 0 therefore is given by
ve() = vi (1) + va(n)
= 1001 — e “)=10[1 — e 2P u -4y V,
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Figure 5-35: RC-circuit response 10 a 4 s long rectangular
pulse.

Solution: According to Example 5. rectangular pulse is
equivalent to the sum of two step functions. Thus

ui(t) = Valutt = Th) —u(t = T)],

where u(t — Ty) accounts for the rise in level from 0 to 1 at
+ = T and the second term (with negative amplitude) serves to
counteract (cancel) the first term after f = 73. For the present
problem, T) = 0.and 75 = 4 s. Hence, the input pulse can be
wrilten as

vty = Vou(t)y — Vyu(r — 4).

Example 5-13: Circuit with Two RL Branches

After having been in position 1 for a long time, the SPDT switch
in Fig. 5-38(a) was moved to position 2 at 1 = 0. Determine
iy, iz, and i3 for t > 0, given that V; =9.6 V, R, =4k,
Ry =6kQ, R =12kQ. Ly =1.2H,and Ly = 0.36 H.
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to the expression given by Eq. (5.96). Thus, the general form
for the current through an inductor in an RL circuit is given by

iL(t) = [iL(00) + [iL(0) — iL(00)le /"] u(2),
(5.107)

(switch action at t = 0)

with time constant T = L/R. For the specific circuit in
Fig. 5-37(a), iL.(0) = I, and i1.(00) = I,.

If the sudden change in the circuit configuration happens
at t = Tp instead of at # = 0, the general expression for i (1)
becomes

i) = I:'L(oo) + i (T} — iL(oo)]e’("T“)/Tl

-u(t —To),
(switch action at 1 = Tp) (5.108)

where i (Tp) is the current at Tjy. This expression is the analogue
of Eq. (5.98) for the voltage across the capacitor.

1.2mA

1.0 mA

t
=

” b R 08mMA
0.6mA

0.4 mA

r 0.2 mA

(© Circuit after £ =0 @ Currents iy, ig, and iy

t(ms)

0 0.1 02 03 04

Figure 5-38: Circuit for Example 5-13.

Im short circuits, resulting in the equivalent circuit shown in  Hence, the initial currents i1 (0) and i2(0) are given by
g, 5-38(b). Application of KCL to node V gives
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Figure 5-44: Circuit for Example 5-17.
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