ECSE-210 Fall 2007

Resonance and Filters

H. S. Sahambi*

Unless otherwise mentioned, all problem solved here are from [I].
If the assignment consisted of examples from the textbook, see the book for the solutions.

(1) Excercise 14.4.1

Solution:

Note that the given equation is the one whose solution will provide the upper and lower cut off
frequencies.

1

Y(jw)| = e

V(o) =
1 !

VR + (Lo— L) V2R
1 1

(2) Excercise 14.4.2.

Solution:

Solution to the following equation gives the upper and lower cut off frequencies:

*To report any errors in this document, send email to the author at hsDOTsahambiATmcgillDOTca.
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The above quadratic equation has four solution, two for each of the plus and minus sings with the
last term. Note that, R > 0,C' > 0, L > 0, and only positive solutions are valid.

With the plus sign, the solutions are:

Hence, the bandwidth is

B:wlfwgz
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(3) Excercise 14.4.3.

Solution:

For a series RLC' circuit, we have w, = 1/vLC, B = R/L and Q = R\/%. Given C = 100 pF
gives L = 1H. Thus, R = 5000 €.

(4) Excercise 14.6.1.
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Solution:

From the given figure

 Vi(s) s
H() = $.6) ~ s+ RJL
Thus,
N Jw
H(jw) = jw+R/L

Thus, the magnitude of the transfer function is

w

1
H(jw)| = —
H(jw)| \/w2+(R/L)2 \/1_{_%

If the Bode gain plot is drawn for this transfer function, it will show that the the system is a high
pass filter. Moreover, from the magnitude of the transfer function it is clear that the magnitude
reaches one as w — 0, and it reaches zero as w — 0. Thus it is a high pass filter with the maximum
gain of one.

For the half power frequency, we note that power is propotional to the square of the magnituded,
thus, the maximum power is the square of the maximum magnitude. Hence, if the half power is
at w = w,, then

1 1
H o) = S [H() e = 5
SR
I+ 4n 2
which gives w. = R/L.
Similarly, filter given by
Vr(s)
H(s) —
(S) Vzn(S)

can be shown to be a low pass filter with w. = R/L.

(5) Excercise 14.6.2.

Solution:

The given transfer function is
2

H(s) =
(#) 2 + 2v/2wps + w2

Dividing both sides by s?, we obtain
H(s)

= 2
1_’_2\/300"_’_%
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Thus, the frequency transfer function is

1
H(jw) =
2\/5“)77, w'%
L+ 5507+ oy
B 1
= —
1 — % — ]M%
The gain of the frequency transfer function is then
1

H(jw)| =

V(-8 (o)

From the above equation, it is clear that the gain decreases as w decreases, and the gain increases
as w increases. Thus the system is a high pass filter.

This can also be shown by draswing a Bode gain plot (by assuming some value for the natural
frequency wy,).

Now, the maximum gain occurs when w = 0, which is
IH(jw)lmax = [H(jw)lw=0 =1
The half power frequency is thus the solution to the following equation

. 1 ) 1
|H(Jw)|2 = §|H(]w)|max = B x 1

2, 2 4 0

4 —
W — bw,w” — w, =

The solution to the above quadratic equation is w = 2.48w,, (after discarding the negative solutions).
This is thus the half power frequency of the given transfer function.

(6) Problem 14.23.

Solution:

The exact Bode gain plot for the given factor is given by
[Hjw|(dB) = 20log jw — p|
and the apporoximate Bode gain plot is given by two equations

|Hjw|(dB) = 201log |p|; w << |p|

Page 4



and
[Hjw|(dB) = 20log|w]; w >> |p

+2008/dec

N 20 Log [e]

ol 7sec

Note that there is a difference between the exact and the two approximate curves, as shown in the
figure above. The difference is maximum at w = |p| and this maximum value is 3 dB. At we move
away from this break frequency in either direction, the difference gradually decreases. Thus, there
are two differences of the same magnitude on either side of the break frequency. One is between
the exact plot and the first approximate plot and the second is between the exact plot and the
second approximate plot. Let the difference be ¢ at w; (for the first case) and at wo (for the second
case).

For w;

§ = 201log |jwi — p| — 201og |p|
ljwi — pl
|

2 _ 2
— 20log YL
p

2

= 20log

wi—p
P2

= 10log

)
wy = (10ﬁ - 1) Ip|

Similarly, we can show for wy using the second part of the approximate curve, that
5 —-1/2
Wy = (10?0 - 1) 1p)

To determine how many decades is w away from |p|, this is given by log ﬁ.

Using the above equations, values for w; and wsy for the given values of § are given in the table
below.
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Table 1: Prob. 14.23
’ ) \ wy (r/s) \ wo T/8 \ decades away from |p| ‘
3/2 | 0.642[p| | L56|p| | 0.192
1 | 0.509]p| | 1.o7|p| | 0.298
1/2 | 0.349]p| | 2.86]p| | 0.457
0.1 | 0.153|p| | 6.55[p| | 0.816

(7) Problem 14.24.

Solution:
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