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Here m is the ratio of the two feedback
resistance which determines the gain and quality
for the filter. The drop frequency of this twin-1 4‘;{;‘ e
notch filter is £, =1/4nRC. For designing a

60 Hz drop filter, let’s use R=10 kQ and
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(h) The zero-state response is found by setting all initial
conditions to 7ero and setting the input (o x (1) = 4cos(t) u(t)
The Laplace transform of x (1) is

45
X(8) = Ll4cos(t) u(r)] = Z u

' (3.158)
+1

and the Laplace transform of the zero-state response is

1 ds
/, =H(s) X@) = | — | 3.150
Yizsr(s) = H(s) X(s) [5+|H\ +I} (3.159)

Partial fraction expansion of Yzs(s) gives

-i, 1+ 2
= o=, (3.160)
s—j s+j s+l

Yzsr(s) =
and the inverse Laplace transform of Yzsg (s) is

Yoy = (1= e u@ey + (1 + e u@e) =2 uiey.
(3.161)
Noting that (1 % j) = +/2 ¢*/4%" Eq. (3.161) can be put into
trigonometric form using entry #3 in Table 3-3. The result is

Yase(1) = 2/Z cos(t — 45°) u() = 27 ufr).  (3.162)

3.43  An LTI system has the LCCDE description
£YA + 7+ = YA= IXE+2X0)

dy dy _dx
d2+7dr+12,\—-ﬁ+2x.

L =
Compute each of the following: @'_‘-7”*"&) Y@ _(‘M’%‘l@
(a) Frequency response function H(w) H(s) ‘1)(%

(b) Poles and zeros of the system __ Atz
(¢) Impulse response h(r) Ak yatiz

* & : —_ o2
(d) Response to input x(1) = e~ u(r) Aa+7,¢+ i ‘(é—ﬂ)(/é'h(;

j} _'Fhe transfer function is ther

H _ Y _ s+2 s+2 _ 1
O = X® =T+ +2 6D+ s+l
(3.156)
The zeros are the roots of the numerator polynomial set equal
to zero, so there are no zeros. The poles are the roots of the "J’WE
denominator polynomial set equal to zero, so the only pole
is —1. The system is BIBO stable.
The modes are the roots of the characteristic polynomial set
equal to zero. From Eq. (2.123), the characteristic equation is
the polynomial whose coefficients are the coefficients of the left
side of the LCCDE. In this example, the characteristic equation
is

S 4+354+2=0, (3.157)

so the modes are {—1, —2}. Note that [EMd_ﬂl)lt\—d{E_lﬂ
the same in this example, due to the cancellation of the factors
(s + 2) in the numerator and denominator of Eq. (3.156). This
is called pole-zero cancellation.

3.44  An LTI system has the LCCDE description

& = +4‘t‘;—f +13y = ‘% +2x.
Compute each of the following:
(a) Frequency response function H(w)
(b) Poles and zeros of the system
(¢) Impulse response h(r)
(d) Response to input x(1) = e~ u(r)




