Chapter 2: Time-Domain Models of Systems
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x=ones (1,41);
b=0.7;

a=(1-b)/ (1-b"5);
i=1:5;

w=a* (b.”(5-1));

for n=5:40;
y(n)=w*(x(n-4:n)"'});
end;

n=5:40;
plot(n,y(n),n,y(n), 'o’, 'LineWidth',1.5)
grid

xlabel('n")

ylabel ('yin]"')
title('(a)")

@

yln]

Qb

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected by Copyright and written permission should be
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by means, electronic, mechanical,
photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department,
Pearson Education, Inc., Upper Saddle River, NJ 07458.




22 (b) n=0:40;
X=n; .
b=0.7;
a=(1-b)/(1-b"*5);
i=1:5;
w=a* (b.” (5-1));
for n=5:490;
y{n)=w*(x(n-4:n)');
end;
n=5:40;
plot{(n,y(n),n,y(n),'o', 'LineWidth',1.5)
grid
xlabel('n"')
ylabel ("y[nl'")
title("(b) ")

(©) n=0:40;
x=sin(pi*n/10);
b=0.7;
a=(1-b)/ (1-b"5);
i=1:5;
w=a* (b.~(5-1));
for n=5:40;
y{n)=w*(x(n-4:n)"');
end;
n=5:40;
plot(n,y{(n),n,y(n), ‘o', 'LineWidth',1.5)
grid
xlabel('n')
ylabel('y[nl")
title("(c) ')
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2.2 (c) continued

yin]

25
n

(d) Run the MATLAB program in Part (c) except replace x by x=sin (.9*pi*n).
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(e) The signal in Part (d) has a much higher frequency than that of the sinusoidal signal in Part (c). Since
the 5-point EWMA flter is a “lowpass filter,” it attenuates the high- frequency signal in Part (d), while it
passes the low-frequency signal in Part (c) with very little attenuation.

2.3 By I’Hospital’s Rule, %,im 1-5 =lim -1 =—1—.
-]

11-pY 1_pNp¥1 N

Also lbm{ b* =1 for any integer i, and thus
3

T . 1-b ;1 G
bi - - . . it = 1 5 . .
%1_130 }Hga }’1_)1111 — for any i. Thus, kl_r’r}ab p: and y[n] i=0§ Nx[n i], which is the

input/output representation of the N-point MA filter.
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2.4(a) c=csvread{'QQQQdata2.csv',1,4,[1 4 50 4]):
bl=0.3;
al=(1~bl)/(1-bl*11);
b2=0.7;
a2=(1-b2)/(1-b2711);
i=1:11;
wl=al* (bl.”(11-1i));
w2=a2* (b2.7(11-1i));
for n=11:50;
yl(n)=wl*c(n-10:n);
y2 (n)=w2*c(n-10:n);
D{(n)=yl(n)-y2(n);
end;
n=11:50; .
plot(n,D(n),n,D(n),'o’, 'LineWidth',1.5)
grid
xlabel ('Day (n)")
ylabel ('D[n]")
title('(a)')
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(b) There is abuy on day 13, a sell on day 15, a buy on day 19, a sell on day 31, a buy on day 38, and a
sell on day 42.

(¢) c[15]-c[13] = 34.75 — 35.50 = loss of - 0.75
c[31] - ¢[19] = 36.63 — 35.34 = gain of 1.29
c[42] — c[38] =36.20 - 36.92 =loss of -0.72

(d) There is a net loss of — 0.18. There are various modifications of this trading scheme that often do
much better. One such modification is to wait until D[#] is negative and then buy on day » when D[n] > ¢
and then sell on day n when D[n] < g, where ¢ is a positive threshold value. The stock is bought again only
after D[n] has gone negative. For example, if we take &£ = 0.15, there is a buy on day 19, a sell on day 29, a
buy on day 38, and a sell on day 41. This gives c[29] — c[19] = 1.60, ¢[41] — ¢[38] = -0.05, so there is a net
gain of 1.55.

29
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2.5 (a) A{n+1]+h{n}=20[n), and thus A[n+1] = -A[n]+25[n].

Setting n = -1 gives A[0] = - A[-1] +26[-1]=0+0=0
Setting n = 0 gives A[1] = - A[0] +28[0] =0+2=2
Setting n =1 gives A[2] =- A[1]+ 20[1}=-2+0=-2
Setting » = 2 gives h[3]=- A{2] +26[2]=2+0=2

(b) M+ 11H(1/2)A[n1=5[n], and thus h{r+1] = -(1/2)h{n1+3][n].

Setting n = -1 gives A[0] = -(1/2)h[-1] + [-1]1=0+0=0

Setting n = 0 gives h[1] = -(1/2)h[0] + [0] =0+ 1=1

Setting n =1 gives A[2] =- (1/2)A[1] + o[1] =-(1/2) + 0= -1/2
Setting » = 2 gives A[3] = - (/2)A[2] + 6[2] =-(1/2)(-1/2) + 0=%

(©) A[n+21+1.5h{n+1]+ 0.5h[n] =5[n]; and thus A[n+2] = - 1.5h[n+1] - 0.5h[n] + o[,

Setting » = -2 gives A[0] = -1.5h[-1] -0.5H[-2] + 6[-2] =0+ 0+0=0
Setting n = -1 gives #[1] =- 1.54[0] -0.5h[-1] + d[-1]=0+0+0=0
Setting n = 0 gives A[2] = - 1.5h[1] -0.5h[0] + d[0]=0+0+1=1

Setting n =1 gives A[3] = - 1.5h[2] -0.5A[1] + 8[1]=-1.5(1) + 0+ 0=-1.5

(d) A2+ (1/2)h[n+1] + (1/4)h{n] = 8[n+1] - [n], and thus h[n+2] = - (1/2)k[n+1] - (1/4)h[n] + S[n+1] -
d[n],

Setting 7 = -2 gives A[0] = - (1/2)h[-1] - (1/4)A[-2] + O[-1] - [-2] =0+ 0+0-0=0

Setting n = -1 gives A[1] = - (1/2)h[0] - (1/4)k[-1] + 5[0] - 0[-1] =0+ 0+1-0=1

Setting 7 = 0 gives A[2] = - (1/2)h[1] - (1/4)[0] + 5[1] - 5[0} = - (1/2)(1) + 0 + 0 -1=-3/2 -
Setting = 1 gives A{3] = - (1/2)h[2] - (1/4)h[1] + [2] — O[1] = - (L/2)(-3/2) — (1/4) 1) + 0 - 0 =4

() A[n+2)+ (1/4)h[n+1] - (3/8)h[n] = 26[n+2] - 30[n], and thus A{n+2] = - (U4)h[n+1] + (3/8)A{n] +
20[n+2] - 34[n],

Setting n = -2 gives h[0] = - (1/4)h[-1] +(3/8)h[-2] + 20[0] - 30[-2] =0+0+2-0=2
Setting 2 = -1 gives A[1] = - (1/4)h[0] +(3/8)H[-1] + 20[1] - 30[-1] =- (1/4X2) + 0+ 0+ 0-0=- 1/2
Setting 7 = 0 gives h[2] = - (1/4)h[1] +(3/8)A[0] + 20[2] - 35[0] = - (1/4)(-1/2) + (3/8)(2) + 0 -3=- 17/8
Setting n =1 gives A[3] = - (1/4)n[2] + (3/8)H[1] +20[3] - 30[1] = - (1/4)(-17/8) + (3/8)(-1/2) + 0 - 0 =
11/32

2.6 (a) Replacing n by n-1 gives y[n] + y[n-1]=x[n-1], and thus A[n] = - A[n-1] + 6[n-1]. Then A[0]=0+
0=0,h1]=0+1=1A2]=-1+0=-1, H3]=-(-1) +0=1, H{4]} =- 1+ 0=-1,... The pattern shows
that #[0] = 0 and h[n] = (-1)"" for n> 1. Hence, h[n] = (-1)" u[n-1].

(®) hln]=- (1/2)h[n-1] + 6[n]. Then, A{0]=0+1=1, A{1] =- (1/2)(1) + 0 =- %, A[2] = - (1/2)(-Y3) + 0 =
Y, B3] = - (1/2)(1/4) + 0 = - 1/8, h{4] = - (1/2)(~1/8) + ) = 1/16, ... The pattern shows that h[n] =
(-1/2)"ufn].

(c) Since the system is linear, the impulse response A[n] is equal to the sum A, [n] + h,[n] of the impulse
responses to the systems defined by y,[n+114+2y, [n]=2x[n+1] and y,[n+1}+2m[n]= -2x[n]. Now hy[n] =
=2hy[n-1] + 20[n], and thus [0] =0 + 2 =2, Iy[1]=- (22) + 0 =- 4, I[2] = -(2)(-4) =8, .... The pattern
shows that /4[] = - (-2)""'u[n]. Using this result and linearity and time invariance of the system, h,[n] =
= (-2)'u[n-1].

HO0]=KB[0]+A[0]=2+0=2

Hn]= [n]+hyn]=—~(=2)"" +(=2)" = 2(-2)" +(-2)" =3(-2)", n21
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(d) Using the same method as given in Part (c), we have that
HO]=1
h[n) =1(—12—) ,n21

(¢) Aln] = - (1/2)h[n-2] + 20[n] - [n-2]. Then A[0]=0+2-0=2 A[1]=0+0-0=0, Af2] =
-(1/2)(2)+0-=1=-2, Af3]=-(1/2)0) + 0+ 0 =0, h[4] =- (1/2X(-2) + 0+ 0 =1, A[5]=-(1/2)(0)+ 0+ O =
0, A[6] = - (1/2)(1) + 0 + 0=-1/2, B[7]= - (1/2)(0) + O + 0 =0, h[8] = - (1/2)(-1/2) + O + 0 = Y4.,.....Pattern
shows that

Hol=2
hn]=0,n=1357,..

1 n/2
Hn]=4 -5 ,n=2,4,6,..

2.7 (Q) XCnJ* vinl= Z_X[JJ‘/E”‘“J}
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2.7 ConlL/.nuecl

©) xOn)x VInY= 2vin3 + vCn-1)

n | o \ 2 3 4 av.
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MATLAB I:lo-ks obtained from conv ¢
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2.3 (a) Us{nj 4the array method /n Section ay:
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2.8 (&) continved Led )([ﬂ} = XLnl*lel.T\\m
ylad=4 y(d=1-8=-7, y(a)=-1-2+4)2 79,
vy =2 +43-/6 =/, y[4)=-3-4= -7, ylal=¢,
ylndy=o,nz2e¢.

N\
(Q‘qa\ (t .V 0 0 o _
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ﬁ’-l R S Ve DY-3 /O// ~
v 0/9/ o~ 0. 0. ’9/0/'0/
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A-3.73 73, 2 Toro
3 ’/3 -3 /3/-3/ o
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Ol-0 -0 0~ 0
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Aqan let y(al= W evla\ Then y0-a)=-1, y(1]=
iy loN= -y w27, yl) = -1 2+ 7T, V() =

b}
3 +2+3=13 (3 =g+a43=13 y(A)=a+3 =5 y[s)=3
ylel =0, n z¢ |

@) xtY % Vinl= zvtllen—'ﬂ
| = V0l xni+ vGIxCn-Tj+ vEIXCn-3] +VXJxn-3 ]
= 2@ 3@ +6@"*) fr n=<3
¥y vind = @™ , for ns3

XOVI*Vnd = -3+ b(a%) = =12 e a=4
AR VO = (D=3 H= =5
YoI#vim= (BH=4% For n=G

XinJ+ viqy= O «ll n7b
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a8 c,_on)c(zwec{

@)  XEIVEHl= -3 ¥ [n-3]- 5 xCn-3)
where  Xfi)= X fiCn-21-u Tn))
Then 0 N3
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> Nz9
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.9 Con{’l-nued n _
A n-a
() V[n\*x (_nl = 2 2 (0.5) ‘C‘OI" n =0
A =0 n
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. n |-4
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N n :
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7
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2.0 (a) oo Problem 2.3@), ubnlxuLal= nr

() Xl %xxnj= o HKH- n<O
XOnlx x(n)= io} =n+] Hc osf\sc()

| =0 |
X(n]* xn}= 7 () = - <n <2
n} n i=é ) 27) n+t {or (l) 8

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reseBeS-This material is protected by Copyright and written permission should be
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by means, electronic, mechanical,
photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department,
Pearson Education, Inc., Upper Saddle River, NJ 07458.




.10 () condinved |
x n) % x[n) = o0 for n> g

Heace , xLnl%x(n) = wlal ¥ uln) only whe n 49

= ) 9= 0
© 95 < Ll

® 15
._'4 ® ° 'E10 .
.;2- ] > 5t o... .
)| I I R J| Nm
0 5 | 10 0 5 10 15 20

-T‘\-Q M&")’\ub resu 118 v\a'Tc\r\ %SQ Pr'tdud‘fo, W qu“" ( 'o)
A+ motches The convoluiion 0(3 “Hwo step Lunctigns mla
Por— Osns 2

2.11 The MATLARB results match the analytical results.

(a) v=[1=-23 -4];

x= {41 -1];

y = conv(x,v)
yields
y =

4 -7 9 -11 -7 4
Azo
26
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2.11 continued

® v=1[-10823];
x=1[1111];
y = conv(x,v) yieldsy = -1 -1 7 9 13 13 5 3

T

n=-2

{c) n=-5:3;

x=2."n;

v=[2 -3 0 6};

y=conv(x,v) vyieldsy =0.0625 0.0313 0.0625 0.3125 0.6250

P 1.25 2.5 5 10 -12 24 48
=-5

(d) n=2:5;

x=1./n;

v=[-2 -5];

y=conv(x,v) yieldsy = -1 -3.1667 -2.1667 -1.65 -1

n=4
(e) n=0:5;
x=ones (1,6);
v=ones (1, 6);
y=conv({x,v)};
y=y(l:length(n)) % remove incorrect terms

?

n=0

yieldsy = 2 3 4 5 6

@ x=ones (1, 6) ;
n=1:6;
v=log(n);
y=conv (x,v);

y=y({l:length(n)) yields y = 0.6931 1.7918 3.1781 4.7875

0
L
{g) n=0:5;

x=[1 0 -1};

v=cos(pi*n/3);

y=conv(x,v) ;

y=y({l:length{(n})

0.5 -1.5 -1.5 0 1.5

All of the above answers agree with the answers obtained in Problem 2.8.
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212 condinved

© T
?T?T ' Cesu VTS wa\ recwr
Zost | ] ek Thoser
| + | po»r"\— (0~)
% 5 10 15 20
n

‘LB Qee the Ccomments in Problem A.10 recjam,hm‘ The

. numcr‘.-co.‘ COnvo'whbn o ‘(,\Qm-\-( duraton 5}(‘,\&\3
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KA Cnesdd =.75 Jn Cord o125 4 ()

- C.Snﬂ“ 25™) Wowal -, 15 (L S™h 3s™) wln+)
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. 57(.25 - 375 +.195) + .25 G0LaS + 1875, 135)
‘Pcr_ nz o0
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3.13 (d) continved :

hLnta) =725k (ntr) +. 125 K n)

=0 for nzo
=.5™(5~5) mos™i(-.5+.35) For 0=

= 0.2S 'FD"'_ n=—)
= 0 Hor nE-
Therefore ,
hnead=.15 KCn+3 #1135h{n]= 0.25 §Cn+1)
whith  satisfies The dffaence e % oo

@)1 . . .
' _ﬁ\ﬁ resu Hs %ur\o\

EO.S- uSnn3 feeuer <4 ""‘vg
T{ | S&ame oS TC\OS{
% 5 10 15 20 Lund = parr @)
n |
V)4 n T ..
K[n]: (Hi) HUDJ—Z(H%)" w
12 ] / c

SUHng n= N gives N
yw) = (i+ ,2) 1@ - ;(H%

G
Fe21e

.SaHu‘nJ _\/(IU) =0 and solt/ir\g‘ for ¢

H‘N —~
‘_“\

4.
N‘“
\../
L~J

C = —
o[-0+ Z)]
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215 @) yht = rorsyh] + X(n)
B = 1025YINY + 1000, M0
ylo) = 1000

y(1) = (025)(190°) + 1000 = 2015
y@@) = (1025)(2025) + 1000 = 3075.628
v@) = (L025)(307562s) 11000 = d)s2.5156

y@) = (0.0%5) (4152.5156) + 1000 = 5256.3286

i

. n ’
b)) vn) = E (I+ -‘lT) X(L) ; N>
. I\
Y(l\/): Lz_lii' (' ZI’,) "("l'__

-(+3)
3oﬂufng éor N

(14 %)N = | JI—V(M)

Nin(iv2) = h(1+ Fe yw))
/ﬂ(l + zLYW))

In(1+ Z

N =

, N .
Ce) y[N1= (/_ o/a.s‘) Ny (o) "’,;:é.‘ (/. 0125) Nv’x (<]

1

: -(/.or-1.s"‘)”
lotas)” + ¢4
( on] /- /. 0/3s

(/. oms}nﬁooo ~ .%o(i - (/.olas’)”)

"

1y

~
(/.01a5) (&ooa +1—00000) = 4900000

Hence |, $00, 000 = $02,000 (). 01a5)" - 408, 000

4]

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected by Copyright and written permission should be
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by means, electronic, mechanical,
photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department,
Pearson Education, Inc., Upper Saddle River, NJ 07458.




a5 (c) continved

_ 909,000
T/écn (/.OIQJ)A/ T 40y 000
7/

7—'“./(/})} Lhe /n o Aa//{ Ssdles  anol ~f0/”/o'j 7£W‘/\/
Jrves Jn (2.3388)

N = ~ é 4, 8755 7 uar%(/“s
Jn (/. 06725)

or /= /4.219 y ears

(o\> The modvled program form ~+ (& L | ho be b
- The awswers fn&ﬁc\'\ 'H\eseP&’("uuu? " (Sm shown '

% Investment program ,
% Program computes investment y[n]’
¥0 = input('Initial Investment ');
I = input("Yearly Interest rate *);
¢ = input('Quarterly Investment *); % x[n] =c¢
y=1I; % definesy as an empty vector
y(1) = (1 + 74))*y0 +c;
for n=2:4,
y() = (1 + U4))*y(n-1) +¢c;
if y(n) <0, break, end
end
% The following commands are for displaying the results
format bank
n=1:length(y); i=1;
fprintf(’ \n n y[n] in dollars ")
n'y]
format short e

Running the above MATLAB program with the conditions in Part (c) for a longer number of_ steps yields
y(64) = 490,240, y(65) = 501,370. Hence, a little more than 64 quarters (or 16 years) is required to reach
$500,000 in the savings account. Note that if the quarterly deposits of $5,000 were stuffed under one’s
mattress instead of investing the money (so there is no interest earned), the amount after 16 years would be
16x $20,000 = $320,000. So even though a five percent interest rate is not that great, approximately
$180,000 of interest would have accumulated over the 16-year period.

216 () (0 ylol= -1s 4C-13= -3
9= —ks th'o'] =45
jCﬂ ==l S Y4C=4.15
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2.6 Con-!/'nUed
(L) \3CO]= )
bCﬂ = |
y=)= SISy ¥ = -03
©) \3(;0]‘- LS G)=-3
(D =IS el 1 = 55
jfﬂ’ '"'-S':jCD+\ = =738

H ) [=-,3yCV= L6
UD « %ED = ~ ¢ ulo)= 1,38
3[’)3 =08 \%\3" - 1.024

(b) jCéPC? !
3(_'\1 = |
\5['3]=—,‘8 \jC\] ¥\ = 0,1

()  9ed=-.8yE=-lb
UE‘]: - ‘8\3 oJ+] =2,2%
YEI=~3yl] +\ =-0.929

(W) @ \:)503= 3 ~3C-\"5= It
't)‘:‘3= Sylo) = (2%
‘jﬁﬂ; g 301 = 1‘02.9
& yrg= .3yEi=o
UC\P .Yj[0]+\= i
3Ea]= .3 c{)(;ﬂ*\ =[3

. () v ‘3C03: 9 E.\]= -
Y0l = .S'\jCo] +]=2.28
4o = Yofi3+) = 2,824
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217 (‘D &j\fﬁ_\: Q-i,s')“‘j(:oj + 21@,5)“41[1,}
. @ 4inl= @D 2 i
(> g 3y
“Hhie com J\x 5\v;\)o‘l—cic<§ funther L; uS g Tha

rt\od‘lmr; Sr\\f

x=4 j—o~
| N/ \L R\
36 (1 26 = E-% AN EA
Winl= 4 -4 (A , nzo

©) yLn =(=15) 2 «-_é (:-I.S)n-;
from The answer 4 Parr () y
Yyl= 6s)a +3-2(4Y | nzo
(i) Y=Yy o] +é‘(-, £)" )
@) qEn)= G.8)"a
Gyl 2 e

= (=~ <\" 2 -3 ‘;,_. -Sk— (=5 . g\
c.® 1§i( D = A ‘Vel/b (‘iﬁb

yrl= -7 (‘?’;‘LY )Nz O
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Q2.7 Con'lﬂ'nUed
I O T
| (,JQD Y )= (.2)'\6 Co) + _% &3k ’j‘xf )\
(@ yn=(=a
) yid= 268

A=N

g = 5 -5@ [ nzo
© l‘jfni\ = (™ +5 -5(2),nzo0

(j{) ’Ftu: (RJN\PxAiCL*qCN\S re t{\?fd are Ciiﬁef\ \><|bua 4%\

L Lad ) GA b G
% (i), part a) jS M ’ F “‘SCOL) d Q’)

a= 1.5; b= [0 1);

yO = 2; x0 = 0;

n = 1:10;

zeros{l,length(n));

recur(a,b,n,x,x0,y0); % computes y for n=1 to 10
(2 y]; % augments yO onto y

0:10;

ya = 2*(-1.5)."n; % analytical solution

SN
"

% (i), part b)

a= 1.5; b= (0 1];

yO = 0; x0 = 1;

= 1:10;

ones(1,length(n));

recur(a,b,n,x,x0,y0); % computes y for n=1 to 10
[0 y]; % augments yO onto y

= 0:10; '

ya = .4-.4*(-1.5)."n; % analytical solution

S X3
0

45
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.17 Comtf;vdea/

200 — T
100 et ! I
[ £,
= e ! >
] 40 -
100, 5 10 5 10
N n
(oo n >

-100 5 10
' n
(i) (@) (b)
2¢ - 1—e

0 5 10
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.17 Comllhueq/ ;

(xxi)(a) (b)

ZT 6
®
®
— 4- ]
£.1 =
> >
T 2 |
: RESER 1 ]
0 5 10 0 5 10
© n n
6 .
4 1
=
>
2¢ ]
0 i
0 5 10
n
2.18(a) a=-1;b=[0 1];
n=0:10;
y0=0;x0=0;
x=ones(1l,11);
y=recur (a,b,n, x,x0,y0)
stem(n,y, "filled")
Xlabel('n')
ylabel('y[n}"')
title("(a)")
yields
y =
0 1 2 3 4 5 6 7 8 ] 10
' @
10, T T T .
£ 5
S
e v 1 T
0 2 4 6 8 10
n
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2.18 continued

()

yields
y=

0
o

©

yields

y=

0.1000
2.3857

.5000
.0039

=-0.5;b=[0 0};
n=0:10;

y0=1;x0=0;
x=zeros(1l,11);
y=recur(a,b,n, x,x0,y0)
stem(n,y,'filled')
Xlabel('n')

ylabel ('y[n]"'")
title('(b)")

0.2500
0.0020

0.1250
0.0010

0.0625  0.0313

0.0005

®)

0.0156

0

a=[-0.5 -0.1];b=[0 1];
n=0:10;

y0=[1 0];x0=0;
x=ones(1,11);
y=recur(a, b, n, x, x0, y0)
stem(n,y,"'filled")
xlabel('n"')
ylabel('y[nl")
title('(c)")

1.0500
2.4254

0 T M ® o ® ®
2 4 6

1.5350
2.4513

n

1.8725
2.4682

©

2.0898 2.2321

3 .

2

ynl

+8

0.0078

2.3250
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2.18 continued

) a=[-0.1 -0.5]1;b=[1 0};
yO0=[0 0];x0=0;
n=0:10;
x={0.5)."n;
y=recur (a,b,n, x,x0,y0)
stem(n,y, 'filled"')
xlabel('n'")
ylabel ('y[nl'")
title('(d)"')

yields
y =
1.0000 0.6000 0.8100 0.5060 0.5181 0.3361 0.3083
0.2067 0.1787 0.1232 0.1026
(d
1’ , T
=) L
0 : T T T ? , [ J
0 2 4 6 8 10
n

2,19 yin]=-0.75y{n—1]-0.125)in— 2]+ x{n - 2]

(a) ¥[0]=~(0.75)2) - (0.125)(-1) + 0 = - 1.375
1] =~(0.75)(-1.375) - (0.125)(2) + 0 = 0.78125
y[2] = -(0.75)(0.78125) - (0.125)(-1.375) + 0 = -0.4140625
¥[3]=-(0.75)( -0.4140625) - (0.125)(0.78125) + 0= 0.21289

(b) 0] =-(0.75)0) - (0.125)(0) + 1 = 1
1] =~(0.75)(1) - (0.125)(0) + 1 = 0.25
¥[2] = <(0.75)(0.25) - (0.125)(1) + 1 = 0.6875
¥[3] = -(0.75) 0.6875) - (0.125)(0.25) + 1 = 0.453125

(©) ¥[0]=-0.75)(2) - (0.125)(-1) + 1 =-0.375
1] =-(0.75)(-0.375) - (0.125)(2) + 1 = 1.03125
2] =-(0.75)(1.03125) - (0.125)(-0.375) + 1 = 0.2734375
Y31 =-(0.75)( 0.2734375) - (0.125)(1.03125) + 1 = 0.6660156

(d) 3[0] =-(0.75)(3) - (0.125)(2) + 0 =-2.5
11 =0.75X-2.5) - (0.125)(3) + 0= 1.5
2] = -(0.75)(1.5) - (0.125)(-2.5) + 0 = -0.8125
¥[3] = «0.75)( -0.8125) - (0.125)X(1.5) + 1 = 1.42185

+7
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2.19 continued

(e) ¥[0]=-(0.75)4) - (0.125)(-2) + 0=-2.75
Y[1]=-(0.75)-2.75) - (0.125)(4) + 0 = 1.5625
Y21 =~(0.75X1.5625) - (0.125)(-2.75) + 0 = -0.82825
Y[3]=-(0.75)( -0.82825) - (0.125X1.5625) + 1 = 1.425875

220 LAi) o (e + L (-
o + RalH el SA(>3AA<>C(%)

(5 L | edity | dod )
T o + MK = e

@ v =1 Timar, s

Ld™vVel) | g dvel®)

aF Tt - —C‘.:, VQL‘t’) = —QL x(t)

2&'(0\) B}“ the v-ol-\-aja division m.dc b(:H‘ 3 X(DH
(5) AkSquTt\l Cwrrents skcu)n \:e\oJ’

\

A,

: ﬁW\ W*—i-[
EY I'r‘l" ‘L“ T- Nep
Using K;rcko# S laws, Wt haw
Y® +R¢ § =22, (Nd)
AL MN+ R GLEWR®) = 2 [ L0)d
Conbining gives
4G+ REYEH +R (L6 L) = 4 13,00
Now A ®=CYW) and I, (H)=cC §(r) +Re Y
Thus GG+ 3¢ y) +rz‘c‘3ur) =< § 004

S0
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2331 (b)  contmued
Mo, & [3 VN +RLLG+ L) + o) =x(x)
and  Q3(1) = i@ IREYWD +0E Y (1)
Comloriy ™ @z woHo 3\”‘3

ta(ﬂ’) +~ GRC _-'j‘t:r)+ SR YD) + K¢ CJ (£)=x(3)

of gn

cy ®) +5 Qlc"g(it‘)‘*(o(ﬁij(i-) +-3(r) =x(+)
l"\éf_‘gﬁ;t—__ +D 0\43-—5 + Kyl = )d‘lﬂ-i—Mé
ax= J
Q.23 U\S\ﬂ‘\ D' Alemberty rr‘.\ng.\r)\{ , W hor?

M éﬁf? = TR (400 -369) )

M Qi_:;(_t;) = Lyt - ?(t))- ks y(x)

D(F&NMro.hvwl "r‘\{ .SCCON)’ Zuodury\ ‘wice and uswxc‘ -rk{
st ‘ws.hm\ ylcids ‘

Mo d'® _ s kR |
;%*T = = (Lt ky)d ‘ﬁiﬁ S A e balyiy '-Z(ﬂﬁx&)‘_\

Bar ‘b('i’) - AEL@‘-%?;) + @,;\-Jg)\z)({—)t)

Cewbini g 'buo;‘"l s aw es

%ﬂ- E,;\— ki + f\a. (k 4-J2;)]d Efi +
M, [Q(\"J‘z)(kx’fka)‘kf]\j(ﬂ‘ ﬁxtﬁ

, Ky
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2.2t (@S\Ammn\nf‘ Currents ye have
| S
9D+t §4 N3 = 1z
D‘\’(‘FQFC “"‘\.éd‘.\ntl btﬂ'\\ S\At 5 Yq‘e ‘AS

REH g - A
\.JWL QT—L:], Wt have

d -
< + (1) = di)
4o gt - U
di(t)

(b) e 6(1)-5(t-1) . Using the Symbolic Math Toolbox:

SO

y=dsolve ('Dy=~y+dirac(t)-dirac (t-1)+, .'y (0)=1")
yields

y =

(heaviside (t) —exp (1) *heaviside (t-1)) *exp(-t)

Here heaviside(t) is the step function u(t).

(c') FPON\ ‘r‘\e NSV\"K m SQC“!B)’\ D‘SJ

oD 409 iy LoD 26

- T
Q o~ ] i ! ) I 1 ' i
"\; o 4
D
-1 1 ] 1 I ] 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2
Time (sec)

AfFrOY/’m‘ach. '.Sa/ulél;n #fﬂm/ear'/[c) ‘s C/ojg_ ‘/o 7///c
GXac‘{ £0/g‘l[/bn (50//-0/ ///‘)c// ()(CC’DLL aZé 'é 0.

Sa
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2.24 (e) The MATLAB command ode45 cannot handle functions with impulses, and thus it is first
necessary to rewrite the input/output differential equation as follows: Define w(f) so that id% +v(t)=i(t).
Then we claim that y(f)=i(f)—v(#). To prove this, first take the derivative of both sides of
y(0) =i(t) - w(t) , which gives

d(t) _ dit) _av) _ dit)
dt dt dt dt

+v(0)—i(f)

But (1) =i(t) - y(?) , and inserting this into the above equation gives the input/output differential equation
of the circuit. Since the input #(?) is a pulse equal to 1 for 0 < £ < 1 and equal to 0 for 7> 1, the MATLAB
program for using the ODE solver requires the following function file RL1 func.m containing the
commands:

function dv = RL1_func(t,v);
dv =1 - v;

and the function file RL2_func .m containing the commands:

function dv = RL2_func(t,v):;
dv = - v;

In terms of these two files the MATLAB program for computing the approximate and exact responses is as
follows:

tspan=[0 11};

v0=0;

[t,v]=0ded5(@RL1_func, tspan,v0);

yl=1-v; % approximate solution for 0 < t < 1
plot(t,yl,'.")

hold on _
y2=exp(-t):; % exact solution for 0 < £t < 1
plot(t, y2)

a=exp(-1);

tspan={1 2];

v0=0.6321; % value of v(t) at t =1
[t,v]=oded5 (@RL2_func, tspan,vO0) ;

y2=-v; % approximate solution for t > 1
plot(t,y2,'.") : -
y2=(1—ex§(1))*exp(—t); % exact solution for t > 1
n=[1 1];

y=[a y2(1)];

Plot(HIYE

xlabel ('Time (sec)')

ylabel ('y(t)"')

hold off |

This progranjl results in the following plot:

S53
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2.24(e) continued

-1 1 - 1 i
0 0.5 1 1.5 2

Time »(sec)

In the above plot, the dotted curve is the approximate solution and the solid curve is the exact solution, both
of which are virtually identical as seen from the plot.

2.25 (@) %‘E} - _.56.51: (gﬁn (xt) + }ct‘S(ai‘)S
rest bcosGat) - 45in (;t)B

Ay _

prab oLy e-.S':t (S'm (o) + 2cos (;11‘)3-—,'36:‘ sk (2 cosat)

45 (1)) -.5 EFQos(>)-Y sin(26) )
e ™™ (4sinlt)~Scostar))

S;..\:s+7{f\..+‘6n o these expressions and Re. solur i 9 (+)
o The differentiol ?%mﬁm y\e'fds

-~

s Las+ara 4] +€‘Si;;os().‘t)‘25-—\*\ -3+

‘—OS*

€7 s (s -9 v€ s [~ +3) +

= S%x

€ Sin(ax) ('*/‘ 25) + €,~'S"Eos (ax) (%.50) = O

So, vhe Ad¥erenna equatir s sachsfed. Also, he
solution for gi)  Satishics ~he “tacal cond/ons.

S¢
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A-AS co n{—\'nucci

Cb) ALN+2Y - 2y [n+r ] +uln)  + éﬁnﬂ]—qgrﬂ
g ~ J ¥ <

I +4.as ybn)

_ =X
Yool + oo} (7 D) +4 (03 (1 =T+ TH4.5) =T
©) with 7=
‘\3£n+l3 - 1.9 UC“+D + 0.99aS bfn:\ =o0.1 x(n]
‘-‘5(.0'3 =2 and UC\] = ‘afoj +Tqlo) = 2. |
(d) Wk T=0.05 |
Cn+2) - 1.95 ‘an-}D +0.940( \jfn] =o0.05x[n)
sjfo} 2 and yOl= .05

The Cc_\\odm-) CO mmonds con by wied To Cale o Jete vhe
c.\,fpe\ogun'o@'wh when  T=g,| '

T = 0.1;

a = [T-2 1-T+4.25*T*7T);
b= [000];

y0 = [2 2+T)

x0 = [0 0]);

n = 2:100;

x = zeros(l,length(n));

¥yl = recur(a,b,n,x,x0,y0);
Yl = [y0 yl); '

nl = 0:100;
subplot(211),plot(nl,yl,'o"’)

SS
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Q.35 Con-/'inued
e)

Time (sec)

2.26 (a) The MATLAB command

Yy = dsolve('D2y = =3*Dy - 2*y','Dy(0) = 07", 'y(0) = 1)
yields

y =

~exp (-2*t)+2%exp (~t)

(o) tltm;.]'a\?.[mﬂ-rb(:nx:» 3 *;36\4—\]- 3&.[ + :j (Y =xln)

)

Y] + 9O ) (3T -2)+ 4Ca) (}-3T +1)=x[n)

Wk T=04,
v)En»«;ﬂ - 0. ofin+) +0.\&3En’3 =2xln])
\_5{:0]= \ OJ\A 3&]': \j(o) +Tt'j(0\ =\

(c_) w \:\'\\ 1= 0. \)
\jﬁm—l] - 1.7 3[1'\-.-\') + 01 jﬁﬂ_] = x{n)

*3[0]=\ and jf‘j’ \

So
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23l (o) con-z//;l/ec{

The Matlob cede needed 1o COMPUJ‘Q 'TLV. %Wm\rv:od‘l.mq
S Similoe Mo Thas usdd For Prblem 25

0.8

0.6 7
= Gna lytical Solutin-,
0.4 | i
T=.\ T=.\ appn&d Motion s More
0.2+ accurotR 7
0 L O O e b D
0 1 2 3 4 5 6 7 8 9 10
Time (sec)
_{Y® .
2.26 (d)Let Y(r)= ol so that ¥;(?) = y(f) and Y,(t) = y(f). Then
dy,
2O - s0=r,0
dr,(t) .
L0 502329 _2y09- 3100210

with the initial conditions ¥ (0)=1, ¥,(0)=0. Then solving the differential equation using the ODE
solver requires the function file de_func containing the commands:

function dy = de_func(t,Y)
dY=zeros(2,1); % defines Y to be a two-element column vector

dY(1)=Y(2); % Y(1) and Y(2) are the first and second element
dY (2)=-3*Y (2)-2*Y (1) ; ents of Y

}nl:erms of this file the MATLAB program for computing the approximate and exact responses is as
ollows:

tspan = [0 10];

YO = [1 0};
[t,Y]=ode45(@de_func,tspan,YO);
plot(t,¥(:,1),'."') % approximate response
hold on

y=—exp (-2*t)+2%*exp (-t); % exact solution
plot(t,y)

xlabel ("Time (sec)')

ylabel (*y(t) ")

hold off

37
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3L (d) continved

The resulting plot is:
1 T T T T T T T T T
g 05+ -
0 L L A P - > - 5 -t
0 1 2 3 4 5 6 7 8 9 10

Time (sec)

The dotted line is the approximate solution and the solid line is the exact solution. Clearly, they are
identical.

(¢) See the above plots in the solutions for Parts (c)and (d).

.37 |
6‘) d?}*(i) = ‘2€¢+e‘k —te‘lt -e—-i‘_iCJ
A2 G S §
dr = C _
Substitption of These expressiony  and jm o The
Avﬁferc,\i-.(& ezuo:h"uv\ \/\é s

.
-€ 741 CJ = 'te"‘J

X - - - '
1e —e i’;je‘i 4—;&*4—:& * =0

Also, The @Al conditfions &re Sech shed .

®)  YOma- 24tmdayln] | 5 wCrrd-ofm) 4 YIn) =X
T M e

fﬁm-:;.] **}j[m—ﬂ (QT—DA 4\-3[}\3(’\"‘ -D‘T+\5 =x{n)
© wk = A9,
YCrma) +aj|:'m'—\] Cra) + .3 yln) =xCnl
wth Ylol=2  and W[il= 4 (0 +Tgtod = 1.6
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.47 CO/H.Z/./)UCC{

(A) wite T= -1,
‘:)Cn“'gl -8 ::)Dm—\] S 36{\3-—'%@\‘]
L\ﬁTL :)CD]=& ond \QY_\‘]: K

@

Lo 720

rA | I i T | i | 1 I
1.5 l
g 1 _'Ft, 4 onaly Fical s o\w\:non )
05_-‘-=. i T=. ) 5 o beitter ‘-'Lﬂ’-’a‘x\r'\a’H’ei\ _
d O
0 t ! ! - e D
0 1 2 3 4 5 6 7 8 9 10
Time (sec)
2.28 Asin the solution to Problem 2.26(d), let ¥ (f) = Bzg:l , so that Y,(¢) = y(z) and K@) =y(). Then
an@) _
praiab (10
i%(’_) = -DY,t~K¥,(f) + x(f)

(8) Solving the differential equation using the ODE solver requires the function file de2 func
containing the commands: B

function dY = de2 func(t,Y)
dY¥=zeros (2,1):; -

ay (1)=Y(2);

dY (2)=-0.1*Y(2)-0.1*Y (1) +1;

In terms of this file the MATLAB program for computing the approximation to the output response is:

tspan = [0 100];

Y0 = [0 0];

[t,Y]=ode45 (@de2_func, tspan, YO0) ;
plot(t,¥(:,1),'.")

Xlabel ('Time (sec)')
ylabel('y(t)")
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A3 conrl-linuec{

(b) The program in Part (a) yields the following plot:

20 [] 1 [] ] ] [] T 1 1
15 ™ i
ES 101 : A .-: \ﬁ
N W

5t -
oi. 1 5 H l H t I ] ]

0 10 20 30 40 50 60 70 80 90 100

Time (sec)

Note that the response y(f) reaches a steady-state value of 10.

(c) Generate the function file de3_func containing the commands:

function dY = de3_func(t,Y)
dY=zeros(2,1);

day(1)=Y(2):

dY(2)=-0.1*Y(2)=-0.1*Y(1)+10*sin(0.2*pi*t);

In terms of this file the ‘MATLAB program for computing the approximation to the output response is:
tspan = [0 100];
YO = [0 01

[t,Y]=ode45 (@de3_func, tspan, Y0);
plot(t,Y(:,1),'.")

xlabel (*Time (sec)')

ylabel ("y(t) ")

This produces the response

1m T T T T T ' T 1 .
bl
&’ * o B
N
. K N iy N N AT .
® . [ '. ﬂ. o o .ﬂ. e S S & .
g of . '\, A N N WA '.b__A"'r/Htw(cwo
LS VYV OV OV VY |
50} <
v -
_1m 1 i I ] 1 ) L 1 1
0O 10 20 30 40 5 60 70 80 9 100
Time (sec)
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.28 Conhnued

From the plot, the amplitude of the sinusoid is approximately equal to 30.

(d) The results in Parts (b) and (c) correspond very closely to the results from the online demo.

.39 (a) - 2

o 2 <
Awwyl=q =2V =F=2S o
-2+, a=2fkeyd >
o, xzd
| o _
0 2 4 6

Time (sec)
(1) | T '

—k* 3 , D ek =2n
KW=t >gpai, 2224 B2[

c , rzd

0 2 4 6
Time (sec)

)

,;cf.i‘cl_f‘_;t—‘)) o<k 0.5} £ peak od £=0.L93 )

Kyl =
2e*(1-e*), *za €

0 2 4 6
Time (sec)
@ ' O, O <ihg, 1
7Y |2t <3
T (s, 32225 SO5)
o, xzs

x(H)* VD=

0 2 4 6
Time (sec)
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229 COR‘H/’« UCc{

(e)

NI %) =

s X¥<O
g (1- €7, 0 <aef

J C——,&(e“__ é’)/ {<kx
et

a.30 Mo j:s~—\/ X (P v(F) =0

For —12420, xaxvid= (T 4 = axn
\ i
or 0232 ), P avd)= T‘AA*‘JD‘Q*'g 4Ar = 3%+
~ 1

\ 2
For | ¥ 22, x(H)au(d)= J 1 4;&) +j‘lot>= 3t +8
+— { X

For 28 €3 x(9xvld)= f 240 = a4
A4

Vor 23, xW@Ixvl») =0

. |
a3l (@ hd= S@->+a)'303a>= {-J.wa) *zo
| -= | o , %<o

7/

Cb) *Fb - \ %<
W= §(k~ D2 )d) + :Sk— (#-2+2) dh

=AM N AN P‘—-[ -\ »=3
W A

=0

=X "%.‘ 62"%;4»21\& +[t+-3£] = -i;-h?
62, |
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-k
= -€ "—eosk 4y, tzO

(o) Respemse 4o wliy— wlt—2) s a3 =g (+-3)

Hence,
\O(J‘) Ce, —Cosk v&) ul)- é ~(,cas (4-2) 4—.1) ubca.)

133 Y= h(D * «@)
For %23, D@—):o .
For a2%23, 3@‘3=§sm)»= ~Cosk »cos 2

F;Df' _):7;3La + | \
‘3(.1'): SS\.V\AAA- S O\A

= —cos £+ cos(a—\)

2.34 () Both systems have impulse response ¢, £>0.
M) h)=e*e" =t 120
(c) The input/output differential equation of the RLC circuit is
J(@)+y(O) = (1) = —v(O) + x(t) = ~ [ 7(O) + y(O ]+ x(2)
which can be rewritten as
FO+ 250+ 50 = 50
Using thg function file de4_ func containing the commands:

function dy = de4_func (t,Y)
dY=zeros(2,1);

dy(1)=Y(2);

dY (2)=-2*Y(2)-Y(1)+sin{t);

and the MATLAB program

tspan = [0 10];

Y0 = [0 0];

[t,Y]=oded5 (Rded_func, tspan,YO),
plot (t,Y(:,1),'.")

xlabel ('Time (sec)')

ylabel ('y(t)")
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.34 (<) Con'btl\r)ueql

we obtain the. following dutput response:

05l | s
€ ,,0~—-"“"'.‘ ..".. ,-°.. .
05} RIS |

-1 I ! ! ! 1 I I I l

Time (sec)

(d) The discretized input/output equation is

+2]-2)[n+1 -
LSRG IPRLE SO BRI

Mn+21+(27 - 2)yin+11+(1-27+T2)yin) = Txfn]

When 7'= 0.1, the discretized equation becomes y{n+2]-1.8){n+1]+0.81){n] = 0.01x{n] . Replacing n by
n-2 gives y[n]-1.8y[n-1]+0.81){n-2]=0.01x{n-2]. The MATLAB program for computing the
approximate output response using recur is

a=[-1.8 0.811;b=[0 0 .01];
y0=[0 0];x0=[0 0];
n=0:100; .

x=sin(.1*n);
y=recur(a,b,n, x,x0,y0);
plot{(.1*n,y,'0")

The response is plotted below using 0’s, along with the plot obtained in Part (c):

_1 1 l 1 ) i 1 I 1 |
0 1 2 3 4 5 6 7 8 9 10
Time (sec)
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3.34(d) contmved

. The plot shows that the-approximations are very close.

(¢) The exact response can be found using the Symbolic Math Toolbox using the command

=dsolve ('D2y=-2*Dy-y+sin(t) ', "Dy (0)=0"', 'y(0)=0")
which gives

y =
1/2%exp(-t)+1/2*exp (-t) *t-1/2*cos (t)

* The symbolic solution can be plotted over the interval 0 <t <5 by using the command
ezplot(y, [0 5]). The result is plotted below as a solid curve along with the responses found in Parts

(c) and (d):

0.6
0.4

T

0.2 .
g i
0.2 .
04} .
0.6 ' ' ' : s = L '
o 1 2 3 4 5 & 7 8 9 10
t

Frotq this p}ot it is seen.that the approximation generated in Part (c) is virtually the same as the exact
solution while the approximation using recur generated in Part (d) is off a little. ' '

2.35 (a) Let y(t)=65(r). Then using the symbolic math command

y=dsolve ('Dy=(1/Te) * (~y+A*b*heaviside (t-d) ~A*b*heaviside (t-d-
c)+A*heaviside (t-d)) "', 'y (0)=0")

yields the solution
y =

exp (~1/Te*t) * (~A*b*heaviside (~d) +A*b*heaviside (-

d) *exp (1/Te*d) +A*b*heaviside (-d~c) -A*b*heaviside (=d—c) *exp(1/Te* (c+d) ) -
A*heaviside(-d) +A*heaviside (~d) *exp (1/Te*d) ) +A*b*heaviside (t-d) -
A*b*heaviside (t-d) *exp (- (t-d) /Te) -A*b*heaviside (t-d-c)+A*b*heaviside (t~
d-c) *exp (- (t-d-c) /Te) +A*heaviside (t-d) ~A*heaviside (t-d) *exp (- (t-d) /Te)

Here heaviside (t) is the step function u(f). Now since d and ¢ are positive constants, this expression
for the response reduces to

_t-d t—d-c

YO=@+D4|1-e " (u@t-d)-bA|1-¢ " |u(t-d-c)

b5
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2.35 condmved

- (b) For t > d+c,

t-d _t-d-c t-d t-d-c

YO=0G+DA|1-e = [-pd|1-e & =A-(b+Dde * +b4e T

Hence, in order to have y(f) = 4 for ¢ > dc, it must be true that

_!—_d t~d-c
% ~(b+Dde = +bd4e T =0

~ Canceling terms gives
<
~(b+1)+be’ =0

1

u’ﬂlﬂ

And thus b} e’ —1|=1. Solving for b, we have that b =

£
e’ -1

0o
2.36 As in Problem 2.35, let y(f) = G5 (). Then y(¥) = for < 0.2, and
A

%(’_) =—10p()+10(6+1), 0.2<f <03
dy( ) . -10)(#)+10, 1203

U The computation of the response when b = 1 requires the function files de 5 _func and de6_func
" which contain the commands:

function dy = de5 func(t,y);
b=1;
dy = -10*y+10* (b+1) ;

function dy = deé_func(t,y):
dy = -10*y+10;

Using these files, the MATLAB program for computing the response when b = 1 is:

tspan=[.2 .3};

y0=0;
[t,y]=0de45 (@de5_ func, tspan, y0);
 Plot(t,y)

Xlabel ('Time (sec)')

ylabel ('y(t) ")

hold on

tspan=[.3 2];

y0=1.264;

[t,yl=oded5 (@de6_func, tspan, y0) ;
‘plot(t,y)

hold off
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This yields the following plot:

1.5 T T H T T T T T

y®

0.5 ' ]

! I | I I [ {

0 i
0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Time (sec)

(ii) Via similar procedure, we find that the plot when = 0.2 is:

1 T T T T [} T T
0.8\
__ 06 ‘
> 04} i
0.2 : .
0 ! ] ] I 1 i 1 §
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time (sec)
1 1 . . ovt - - .
(iiii) 5= = = pris 0.582. Again canymgﬁ a procedure similar to that given in the solution to Part (a),
T, ‘
e -1

we have the following plot when b = 0.582;

1-5 T - T T T T T

y()

0.5 8

T

0 { i 1 ] I I I i .
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2
Time (sec)

From the above plots, we see that the eye does lock onto the target for all three values of 5. However,
when b = 1, there is overshoot, and when b = 0.2, the response is somewhat slow in reaching the steady-
state value. The best result is obtained when b = 0.582, which is the value of  computed analytically in
Part (b) of Problem 2.35.
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