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Figure 7-35: Block diagram of a basic dc power supply
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Figure 7-40: Complete power-supply circuit.
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Figure 7-39: Smoothing filter reduces the variations of waveform g (F).
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Figure 7-36: Schematic symbol for an ideal transformer. Note
the reversal of the voltage polarity and current direction when
the dot location at the secondary is moved from the top end of
the coil to the bottom end. For both configurations:
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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 ¢ > 0

(after closing the switch) is

ll’.‘
Ric+ L % +uc=V, (fort>0), (62)

d*vc R duc 1 Vs
s T 6.4
a2 L @t e ™" 1c S

For convenience, we rewrite Eq. (6.4) in the abbreviated form

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:

ve(r) = u(r) + vgs(t), (6.7)

where v (1) 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)
under source-free conditions; i.e., with Vg = 0, which means
that ¢ = Vi /LC also is zero. Thus v () is the solution of

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

UE +au&+buC:c. (6.5)
where
R 1 Vs
a=—, h=—, = —. (6.6)
L LC LC
ue(r) = Ae™, (6.11)

where A and s are 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)
which simplifies to
S as+b=0. (6.13)

Hence. the proposed solution given by Eq. (6.11) is indeed an
acceptable 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
roots:

”:,ng (%)’75_ (6.14a)

&
= (E) —b. (6.14b)
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The existence of two distinct roots implies that Eq. (6.8) has
two viable solutions, one in terms of ¢*!" and another in terms
of ¢*2'. Hence, we should generalize the form of our solution to

Ue(t) = Are’!" + Aqe® 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™ + uc(00). (6.16)
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6-3.3  Invoking Initial Conditions

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 ve and its
time derivative v(., both at = 0. Since

dve ;
icty=¢ 2€ — c v, (6.19)
di

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

ve(0) = Ay + Az + ve(o0), (6.20)
and
. due . ar ot
ic() = = C(sjAje" + 52426,
di i =
C(s1A} + 5242). 6.21)

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

 icl0) — s:[uc(0) - ve(oo)]
B 51—% !

(6.22a)

& ic0) — si[ue(0) — ve(o0)]

s3—8]

22h)

(6.2
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Figure 6-8: Example 6-3: (a) ircuit. (b) up(t). and (e) g6t}
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si = —a +,/a? — w}

= —201 4+ +/(201)2 — (200)2 = —181 Np/s,

5= —a —,1’012 —a)(z) = —221 Np/s,

& ic(0) — s2[vc(0) — ve(00)]

Inserting the values of 51, 52, A1, A2, and vc(c0) in Eq. (6.16)
leads to I el i el
1=zl 122

ve(t) = (66.3¢ 131 — 543,722 L 8) V. forr > 0.

VelO)= ¢ly-F43 4 9 = 2o [V]
Redes 2—pgpg = P

Al =
51— 52
0+ 221[20 — 8]
= wmiear
L ic(0) = s1[ve(0) — ve(oo)]
N 52— 5
_ 0+ 181[20 — 8] — _543
—221 + 181
ve (V)
25
VON
15
10
8
5
0 t (ms)

0 5 10 15 20 25 30
(d) vc()

6-4 Series RLC Critically Damped
Response (¢ = wy)

» The critically damped response is the fastest response
the circuit can exhibit, without oscillation, between initial
and final conditions. «

- \ . -
d=Ff o=y

=:_‘J%

i
R=24 c (critically damped), (6.23)

When

ve(t) = Are™ + Aze™ + ue(00)

= (A1 + A2)e™™ + uc(00) = (A3)e ™ + vc (0o

),
(6.25)

ve(l)

1(s)
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(®) vc(0)




Example 6-5: Critically Damped Response

Evaluate the response of the circuit in Fig. 6-10(a) for t > 0,
given that the capacitor had no charge prior to 1 =0 and
V=24V, R=12Q. L=03H.and C =833 mF.
Solution: The parameters @ and e are given by

R 12

= = 20 Npfs,
¥= 3L T 2x03 Nofs

1 1
CVLC J03x833x 100

Hence, because & = ey, the response is critically damped and
given by Eq. (6.26) as

@ = 20 rad/s.

v(t) = (B) + Ba)e > 4 uc(00).
The initial conditions at t = 0 are

ve(0) =0 and ic(0) =0,
and the final condition on vg is

ve(oo) = ¥, =24 V.

Series RLC Underdamped
Response (¢ < @)

If & < @), corresponding to

z
f (underdamped), (6.29)

we introduce the damped natural frequency wg defined as

R<2

w} =] —a® (6.30)

s of wy, the
- (6.18) become

Since @ < wo. it follows that wy > 0. In
expressions for the roots 1 and 52 given by

—u + jou,
6.31a)
(6.31b)

where j = +/—1.The fact that sy and 53 are complex conjugates
of ene another will prove central to the form of the solution.
Inserting the expressions for s; and a3 into Eq. (6.16) gives

uelr) = Are™™ el ™" Aye™ eI 4 pe(oo).  (6.32)

Example 6-6: Underdamped Response

Determine ue(r) for the circuit in Fig. 6-11. given that
V=24V, R=1282, L=03H. and € =0.72 mF. The
circuit had been in steady state prior to moving the switch at
r=0

Solution: For the specified values of B, L, and C,

R 12
. — 201
B aE S et

and

1
~ JIC Jo3x072
Since & < ey, the voltage response is underdamped and given
by Eq. (6.35) as

= 08 rad/s.

wy ;
x 1073

velr) = e “[Dy coswat + Dy sinwat] + ve(oo),
with

P
g = —a? = V(68)T — (20) = 65 radis.

Prior to r =0, the circuit was in steady state, which means
that the capacitor was fully charged at V, =24 V and acting
like an open circuit. Hence. uc(07) =24 V and ic(07) = 0.

10

B = uc(0) — ve(oo) = —24'V,

1
el ic(0) + e[uc(0) — ve(co)]

0 + 20[0 — 24] = —480.

By

Hence,

ve(t) = (B + Bat)e ™ + ve(o0)

[—(24 + 4800)e 2" 4 24]V,  fort > 0.

ve(t) = e ¥ [Dy cos wgt + D sin wgt] + ve(oo)
(fort = 0) (underdamped).

Dy = vc(0) — ve(e0), (6.37a)

& ic(0) + a[uc(0) — ve(00)]
[OF] '

Dy = (6.37b)
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= Underdamped
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Figure 6-11: Example 6-6 (a) circuit and (b) ve:(1).

Since both v across € and i, through [ cannot change
instantaneously,

vel0) =24V,

iet0) = in(0) =07 =0,

11

After t = 0, the closed RLC circuit will no longer have any
active sources, allowing the capacitor to dissipate all its energy
in the resistor. Hence, as t — o0, wvc(00) = 0. Using these
initial and final values in the appropriate expressions for Dy
and D; in Eq. (6.37) leads to Dy =24V, Dy =7.4V, and

ve(t) = e 2" [24 cos 65t + 7.4 sin 65¢] V, fort > 0.

Figure 6-11(b) shows a time plot of vc(t), which exhibits
an exponential decay (due to ¢ 2%) in combination with
the oscillatory behavior associated with the sine and cosine
functions.




