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Figure 7-35: Block diagram of a basic dc power supply.
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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 7-37: Half-wave rectifier cireuit
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Figure 7-38: Full-wave bridge rectifer, Current flows i the sme discction through the Boad resistor for both alf cycles
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(a) Bridge rectifier with filter

et o ko With filier Without filter
Capacitor discharging /

T Ripple voltage o,

Treet=Tep+ o

l— Trm—‘I’ .kl—TY ;

b) Filtered output

Figure 7-39: Smoothing fiter reduces the varkations of waveform vy (£).

Example 7-19: Filter Design

If the bridge rectifier circuit of - 39(s) has a 60 Hz ac input
signal, do values of Ry and € that would

Ty = Tt/ T2 and Tap = 12T, Where Ty I

“The recijied Waveform. AT Rp = 5.0
kot ol et el L
Solution: I the frequency of the original ac signal is 60 Hz.

the frequency of the rectified waveform is 120 Hz. Hence, the
period of the rectified waveform is

LN

Tree = :_xsab W.g%

1
=833
Tt = 1 = 833 ms,
and the corresponding design specilications are

Tup % 0.69ms, and Ty = 12T = 100 ms.

Application of Eq. (7.145) leads to

up ™ 2RC
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oylf) = ¥ cos e

v, () R voult)

Transformer Rectifier

RC filter and
voltage regulator

Figure 7-40: Complete power-supply circuit

T 0.69x 107
Ry 2x
With ihe value of € known, application of Eq. (7.146) gives

c= = 69 uF.

tan 1001070
b L N LT
P= = Txios — 45

7-124 Voltage Regulator

The circuit shown in Fig. 7-40 includes all of the power-supply
subcircuits we have discussed thus far, plus two additional
clements, namely a series resistance Ry and o zener digde.
the a.ma hg

mﬁmm!’:«! pﬂl
3y lhough It rema Jiniis,.

ﬁlﬂlrdﬁtl-li almgt- “nmlc M

ol lhie. becomes T = L
worth mm-g m the addition of the zener diode roduces the
peak-to-peak ripple voltage V, (Fig. 7-39(h)) at the output of

r by about an order of magnitude. An approximate
expression for the peak-to- peak ripple voltage with the zener
diode in place is given by

[V = 1) =Vl (R ]l R

¥ Rt (R IR

.147)

Ry

where V,, is the amplitude of the ac signal at the output of
the transformer (Fig. 7-40), the factor 1.4 V accounts for the
voltage drop across a pair of diodes i the r er, Vy is the

manufacturer-rated Zoner voltage for the specific model used in
the ircuit, Ty is the period of the rectified waveform, and R, is
the manufacturer specified value of the zener-diode resistance.

Example 7-20: Power-Supply Design

A power supply with the circuit configuration shown in
7-40 has. the following specifications: the input voltage
is 60 Hz with an mms amplitude Vo, = 110 V. where
Vome = Vi//Z (the rms value of a sinusoidal function is

T Conrbent. o +he smothid —sier
S

= ~{
= hox 615vo° =34 MXlo =) A5 S

FR=50.0




discussed in Chapter 8), Ny /Ny =5, € = 2mF, R, =502,
Ri=1kQ V, =24V, and R, . the
ripple voltage. and the ripple fraction relative (0 Ugg

Solution: At the secondary side of the transformer,

) = (%)(V\msf‘ﬂrl

% % 110v/2c08 3771 = 31.11cos 3771 V.
Hence, V;, = 31.11 V, which is greater than the zener voltage
V, =2V
Consequently, the zener diode will limit the output voltage:
at

Vow =V, =24 V.
In Example 7-19, we established that Tise; = 833 ms. Also, =
R Ry 2100 o Rs=ma
AR 201000 T T

Application of Eq. (7.147) gives

v WV 1 Vil (R IRD qi’ R
! RC R+ (R 1l Ri) C=2qF
9.6

(3111 — 1.4) - 24] :

= (833 x 107) x

50%2x 10% 50+ 19.6
0.13 V (peak-to-peak)
Hence,
Ve/2 0.13/2
ripple fraction = (2. Q132 _ o o,
24
which represents a relative variation of less than 0.3 percent. T

7.31 Find is(¢) in the circuit of Fig. P7.31, given that
ue(t) = 15cos(5 x 10* —30°) V, R =1k, L =120 mH,
andC =5nF. o)

-
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Figure P7.31: Circuit for Problem 7.31.

Vs oL

7.33 Find i,(t) in the circuit of Fig. P7.33, given that
vs(1) = 40sin(200r — 20°) V.

200 uF
10Q
%

‘ io(?)
vs(f) 30Q

VA

50 mH

Figure P7.33: Circuit for Problem 7.33.
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#7.32  Find voltage vgp(t) in the circuit of Fig. P7.32, given
that i5(t) = 35sin(300f — 15°) mA, R =80, L = 15 mH,
and C = 200 uF.

+0

L

i) RS val0)

S Q|

Figure P7.32: Circuit for Problem 7.32.

#7.32  Find voltage vgp(t) in the circuit of Fig. P7.32, given
that i5(1) = 35sin(300t — 15°) mA, R =80, L = 15 mH,

[ v,
and C =200 uF. S, A(200t-15246)
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Figure P7.32: Circuit for Problem 7.32.
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