TR e (R Sl AR & E e "

fi :
:I'}. Thefh H OF 1), X(jeo)e*" for x(t), and €' for
Um)ekﬂ = Cx x
' 2 Uw)ef"" + Deiot
gpsttute (3:10.3) for X(jeo) and cancel the terms i
cxprcsslon for H(jw). . We then have the desired

H(jw) = C(1j
; =We - A)''B+ D
e ; 3.104
ote the Sln:fiigtsy ;:::eﬁ;hthls f‘3‘1'171'{1-11":1 and the corresponding expressi ( 2.13 T)
B discrft:;sl we tlt“raverss«t; tht;3 only difference is that jo» replaceg e"p;ns:;::lti{n;mﬁs!
ime SYS J@ axis to calculate frequency res : i
ime systems, W€ traverse the unit circle e” to calculate f:zqueﬁz;sl‘zs;zt?;:cr ';l:?;

; :an will become more
discussion . ore apparent when we consi :
e ansform domain. e consider frequency response in

111 SUMMARY

We have d1scus.5ed th_ree ltime-domain models for continuous-time systems in this
chapter. Our f:ilscu:v.smn is very similar to that in Chapter 2. In fact, our thought
processes are identical. Only the mathematical details are changed. We have used
the idea of frequency response as a means of linking the three models together.
Frequency-response analysis assumes a linear, constant-parameter system. If the
system is time varying, then frequency response as discussed here is no longer a
valid method of characterizing the system.

The remaining chapters will take up the concepts involved in describing
systems in the transform domain. We shall again consider discrete-time systems
first. These transform domain characterizations are useful. They are, like the
difference or differential equations and the impulse-response models, input—output
characterizations of a system. They do not specify the internal structure of a system.
However, they do introduce the idea of poles and zeros of a system. The concept c:f
poles and zeros can be used to ngve a gqgme}frlc jnterpretatlon of a system’s

response.

a3
tb)
% § .5
PROBLEMS Wi & 4 i
!
' s x el e given initial conditi
31 Solve the following dit h,:::,m e
' ¢ doue iRl |
(a) (D* + 3D




I coNmEEE dy(1)

.
(0 W0 =1 gl T
28 = :
o2 SD E fi_y_(g =] r
© D+ 4D Wo) =1, % b |
A dy(t) E
2 1)yl 3
{d} lD y(O'] = 11 dt t=0 3'5-
=0
[,‘.p“2 + ”,V“] & ‘_i_}iﬂ 2
(e) | y0) = 0, o [
M 0 +1y0=0 bo|
n0) = dt |i=o
(@ (D*+ y(r) =0
y(O) — l!
=0 .
At e o i L 0
:'. aﬁ.Ig..‘,-;',
3.2.  In the RC circuit shown belov;, the ui(l:;tial JF;:atgg %n( ;l;t:g | e
’ : i input voltage u(t) = = ted by plaiy ™y
thsifc;i’t}a(gr}o;s iigit:;;?fwhat is the output voltage y(t) fort >
F: ; |
Answer: y(t) = 2¢~"/RC
R
ule) ylit)
' Co
3.3. Find the appropriate annihilator for each of the foltoﬁitigfdg o fi &l
(@) Ae ®) Rk 3 o
((c; jil i (d) Asinwt + Be o
(;) f Tﬁfnﬁ g () Ae* + Bet + Ce?

34. (a) Time-invaﬁant linear Systems forced p Sinusoid:
'mportant class of Problems, Ope mode] of s
Means of a lineqar d; - b g
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where a, b, ¢, and k are known
characteristic equation.

] f the result
(b) In view o of part (a), what mus
= 3 {1 th
S o L1 LT
(© ; e forced solution i ; el .
and k _satlsﬁes the equation k? + 2}:0: ;,f ::h; :o‘r;l]:lg function is ce*
pretation can you give to this result? ! at physical inter-

constants and k is not a root of the

Solve the following differential equations.

35 4 2
@ (D*+8D% +16)19)] = —sint

Answer: W(t) = ¢,C08 2t + ¢,8in 2t + c3t oS 2t + c4t sin 2t — Lk
]
(b) (D> —2D*+D =20y} =0, y0) = d_ﬂﬂ\ Sahi] A
dt t=0 dtz t=0

1
Answer: Wt) = 3 (2e* + 3cost + sint)

© (D*—D[y0]=r¢*
: 3
Answer: 1) = ¢; + cz¢ + €7 (%oos ‘“g—t I o sm:z—m) -3

6 Solve the following differential equations.

@ (D*+3D+M)=0  HO=-7-
e el ig--:'!:ﬁ?i,m'[{*qwsﬁ‘. _

o 0=t 0= =

10g1 B s DGR ‘

© (D*+ 3D +2)y) =

ronore 200l

- Comparing the threé LY o0 ;
Compare with the solutions

31 Solve the follo

@ (D*. _.'_'f
(b) (D2 -
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38.

3.9.

CONTINUOUS-TIME SYSTEMS
the continuous-time systems definey

sponse for ur solutions by substilmiﬁny the

Find the impulse r":] equations. Verify yo

following differentia

@)D Rt 12)[ W(1)] = ult)

(b) (D*+6D+ 9L (1)] = ult)

(© (D*+2D+9[N0]= u(t) il

@ D+ 6D* + 12D + S;B(r(;))} 3 i ot

D3 + 4D* + 12D + = .

f}sysiem has the following response tcln‘( a] ste;:;[?ﬁl;; :;},liszlﬁi‘ihbc 2
3 amp input, u(t) = 2 : i

;;Zf:mnssa?lf Llﬂle]sn:’gsdt:l?du;; trhc Llljse of a first-order differential €Quatiop, t

3.10.

Derive a model for nanoplankton respiration that accounts for gross |
community photosynthesis, storage, and respiration.f The following |
analogies may be helpful. |

Theinput to the system is sunlight, which can be represented by a voltage,
say ey. The production rate p of material by photosynthesis is proportional
to the difference in input sunlight and the material already in the system
({a\ “back potential” e,). The constant of proportionality between produc-
tion rate p and this difference potential is a conductance Gy. The community
respiration lrate? P: 18 assumed to be Proportional to en. The storage rai
P;_ oll; matepal in thf: System is assumed to be proportional to the rat
of change of materia] already in the System, and the constant of pre-

e T——

portionality js C~1 representative of th
A € stora 1 tem. In
SYmbols, p, = (1/C)de,,/dt. Also, the total produtii o o A

Fop roduction rate p is equal to the
Sum of the respiration and stor g atepiseq
dge rates, i -
analogous to currents.) se rates. (Notice that production rates

(a) Obtaﬁn a block diagram re



Given d*Wty/de* + SLdy(t)/ds %
such that the solution is y(z) =] +_§3-’(‘) =e™", find y0) and (dy/dr)t)l;=o ' .

ich there is some initial energy storage?

where ¥(0) = 1 and .'r_’“_}(p) = 0. Notice that initial conditions are non-
zero, denoting some initial energy storage in the system

gpeciﬁcally, use the impulse-res .
system described by the ecluatinfhl‘ms'.== function to express the output of a 1
2 g .-..':ﬂ ,'-:.
D? + YOl = ulr), ¢>0 iy

Answer: y(t) = cost + J.' sin (t — t)u(t) dt
0

313 Evaluate the following convolutions.

(a) &) *E) R

(b) &() * e"e(e)

() t&(t)* e€"E(t) -‘

(d) e"&(r) % e®E()

e e*&t)*xe *&(—1)

(f) sin t&(t) * sin t&(1)

(a) Using the convolution integral, find the output signal for the system L
shown. This system is often used to smooth a sequence {u(nT)jinto a i
continuous-time function. It is called a zero-order hold circuit. s

>
o

g wod

| | . ) ‘s |

t%; ok S A :
- ‘. ' (t) :
ult) # v iy Spaid ol '*‘m'li-:by. - 1'-
CPeiny Lo Lacstt hasseaaniao-od) Dol 51

T“""+ 19 & QT g
(7 tou

] e (0 +
_: ult) ﬁl\ A

|

1501 Hoi
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3.16.

3.17.

3.18.

3.19.

3.20.

CONTINUOUS-TIM E SYSTEMS

with input u(t) and output W) such that
d*y(t) d__y_(r_] i 9 ) = u(t)
=% 1w diulod (

find and sketch the corresponding impuls
r the system shown:

Given a system

e response h(t).

Find the impulse response h fo
— y (1)

ey

um;?——* /b 149

Given a system with input «(t) and output y(t) related by

d*y(t) |, dy(t) &
?:1_+ 3?*’ 2y(t) = u(t)

(a) Show a block diagram of the system using integrators, summers, ang

coefficient multipliers.
(b) Solve for y(t) if u(t) = e "&(t) with y(0) = dy(t)/dt|,—o = 0
(c) Find the system impulse response h(t).
(d) Repeat (b) using convolution.
Repeat steps (a) through (d) of Problem 3.18 for a system described by the
input-output relation

a’yf)  dy(r) d
P e i = a;u(t)

cll)o not use differentiators in the block diagram. If the results in b and¢
DG nﬁt agree, find the cause and bring the answers into agreement. (Hint
0 the initial conditions represent a relaxed system?)

For th i
¢ system shown below, find a differential equation that relates il

and u(r). Sol e f
ra g olve for y(r) when u(t) = sin (g &(r) with a relaxed system &

Y
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Can you ﬁnd a Sil]'lpler ﬂ(]l.li\fa]ent bl d
what is the impulse response of the(;;ﬁt:;?gmm for the above system?

: ? Using convolution, repeat
your solution for the output y(¢) which results from gﬂ(t} = sin wt &(t). e
Determine a system block diagram

. ; ior which the i
W) satisfy the differential equation ich the input wu(t) and the output

dly(t} Zdﬂﬂ d
A T g twn= #

what is the solution to this equation when the input is u(t) = cos (w,t) —
sin (w21)?

Write state-variable equations for each of the systems shown.

ul(l)——

! L4, B
S T

\+7

e S T = o 1)
MWA—T |

e
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The matrix (ol — A)~1,

The frequency-response function, with a
phase responses.

e mpulse-response function, with a sketch.

(©

(d) sketch of the amplitude and

2. M WL
M the vt
.o %7 ches




