EE 321 Analog Electronics, Fall 2009
Homework #5 solution

3.74. Consider a half-wave rectifier circuit with a triangular wave input of 5 — V
peak-to-peak amplitude and zero average and with R = 1k{2. Assume that
the diode can be represented by the piecewise-linear model Vpg = 0.65V and
rp = 20 Q2. Find the aveage value of v,.

The relationship between the input and the output is

R
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If the period of the signal is 7', and the input voltage is v; = V sin (%), then the diode is
turned on between times t; and 5, where

. (27t Vbo 1
S D0 gy«
Sm(T) Vv 0_1_4

T . 1 Vpo . 1065 T 0.130369
t{=—sn —=s8in —— = ——-T
2T Vv 5 27 2
and
by = z 4= z B 0.130369T _ 1 _ 0.130369 T T — 0.130369T
2 2 2 2 2 2

The average value of vp is found by integrating it over the period and dividing by the period,
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Change integration variable, = 2r%, dv = 25 dt, v, = 2r% = 0.130369, 25 = 272 =
m — 0.130369, we get
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Now inserting all the numbers

1 108
<U0> 5 3
2m 20 + 10
=1.2549V

[5 %X (c0s0.130369 — cos (m — 0.130369)) — 0.65 x (7 — 2 x 0.130369)]

3.78. A full-wave bridge rectifier circuit with a 1— k{2 load operates from a 120—V
(rms) 60— Hz household supply through a 10-to-1 step-down transformer having
a single secondary winding. It uses four diodes, each of which can be modeled
to have a 0.7 — V drop for any current. What is the peak value of the rectified
voltage across the load? For what fraction of the cycle does each diode conduct?
What is the average voltage across the load?” What is the average current through
the load?

The peak value of the rectified voltage across the load is

VO = V} — 2’UD
where V; = 120 V¥2 = 16.97V, so

Vo=1697—-2x0.7=1557V

Each dioded conducts for a fraction, f, of time which is equal to the time the input voltage
is greater than 2vp, or the fraction of the time that a sinusoid exceeds the value 2vp/ V.

o 1 1 2UD
f =g <7r—281n (?))

1
=5 (m — 2 x 0.0825024)

=0.4737
=47.37%

(the answer in the book is incorrect). The average voltage across the load is found by inte-
grating the output voltage over a period and dividing by the period,
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The relationship between the input and the output voltage is

v — |U]| — 2VD |’U[| > 2VD
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where vy = V;sin % Because of the symmetry we can just integrate over the half period

corresponding to the positive peak in vy,
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Now change variables, z = %, and thus dz = 2%alt, T = 2”%, and zo = 27%,
2T [*2
o) =—— Visin x — 2Vpd
(Vo) Tor ), 7sin pdx
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Now,
2V, 2x0.7
ry =sin~! (TID) = sin~* ( 12 5 ) = 0.0825924
and xo =7 — 21 = 7™ = —0.0825924, and we can insert

1
(Vo) = —[16.97 X 2 x c0s(0.0825924) — 2 x 0.7 x (7 — 2 x 0.0825924)] = 9.44V
™
The average current is simply the average voltage divided by the load resistance,
: 1 9.44
<'lo> = E<U0> = 1—03 = 9.44 mA

3.91. The op amp in the precision rectifier circuit of Fig P3.91 is ideal with output
saturation levels of £12V. Assume that when conducting the diode exhibits a
constant voltage drop of 0.7 V. Find v_, v,, and v4 for:

(a) vi =41V
(b) Vr = +2V
(c) vi=-1V



(d) Vr = -2V
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FIGURE P3.91
(a) When v; > vp, the op-amp will attempt to output current to raise v_ to v; by raising
its output voltage. Therefore I expect the diode to be conducting. In that case we have,

v_ Up
1. = — = —
R R
and thus
Vo = 2Ri_ = QR% — 20,
and

va =vo + Vp

Inserting values we get

v_=v;=1V
vy =20, =2x1=2V

UA:UO+VD:2+0.7:2.7V

(b) In this case the derivation is exactly the same as for case (a), so

v_=v; =2V
Vo =205 =4V

UA:UO+VD:4+0.7:4.7V

(c) In this case, the op-amp output will attempt to draw current by lowering its voltage.
It cannot draw current so the op-amp output will go to negative rail. There is no current
anywhere else in the circuit so v_ = v, = 0. Thus,

4



U, =0V

VA = —12V

(d) In this case the situation is identical to case (c), with the same voltages.

3.92. The op-amp in the circuit of Fig P3.92 is ideal with saturation levels of
+12 V. The diodes exhibit a constant 0.7V drop when conducting. Find v_, vg4,
and v, for:

(a) vy = +1V
(b) vy = +2V
(c) v = —1V
(d) vy = —2V

FIGURE P3.92

(a) In this case the input voltage is above ground, and the op-amp will attempt to adjust
by drawing current in. It can draw current through D, and then D, will not be conducting.
Thus, vy = =Vp = —=0.7V, v_ = 0V. For the ground we realize that no current flows
through the loop containing ground, and thus v, =v_ =0V.

(b) This case is the same as case (a). The op-amp is simply drawing twice as much current
through D;. The voltages are the same as case (a).

(c) In this case the input is below ground and the op-amp will attempt to compensate by
supplying current, raising its output voltage. In this case diode D5 is conducting, and the op-
amp current will rise until v_ = 0. At that point, v, = —v; =1V, and vy = v,+Vp = 1.7V.
(d) This case is similar to case (c¢). The op-amp will output current through D, to make
v_ =0, and then v, = —v; =2V, and vy = v, + Vp =2.7V.



