Chapter l Fundamental Concepts

L1 ()
@ x0)=py(O)+ pal)

® x0=3(1-4)n0-10-1)m0

© *0=2p0+25)+2{1-21) 00

@ x0=42,0-21- ) pyc)

o
© x(t):zpl(t—zk+1.5)
k=1
1.1 (if) Simpiest to define 7 and x as follows, then use the MATLAB command plot (t, x)
(@ t=[-3-2-2-1-111223];
x=[0011221100};
(b) t=[-5-4-1145];
x=[001100]
(¢) t=[-7-6-6-3-3033667];
x=[00224642200]
@ t=[3-220223];
x=[0042400];
(e) t=[-10011223344556);
x=[00110011001100F;

1.2 (a) o= =, so At <a/mn = 1; sin(n(Atn)) = O for all integers 7» when Af =2

M) o=7,a=01,50At S—mPoe
4,/(0.1)2 +7?
”.

() o=n/4,a=1,s0At < =0.6177
4;]12 +(r/4)?

=025

A
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1.3
(@)

(a) t=[-1 0 0 5]; : 2
x=[0 0 1 11 ;
plot(t,x, 'LineWidth',1.5);
axis([-1 5 0 2}])
xlabel ('Time (sec)')
ylabel ("u(t) ") 0 ) )
title("(a)"') 0 2 4

Time (sec)

u®

® t=[-1 01234 5]; . . (b)
x=[{0 01 2 3 4 5]; 4
plot(t,x, 'LineWidth',1.5);
axis([-1 5 0 51])
xlabel ('Time (sec)')
ylabel (‘r(t)")
title (' (b)') 0 2 y

Time (sec)

r(t)

©) t=[{-1 0 0 2 2 31; (c)
x=[0 0110 0]; 2
plot (t,x, 'LineWidth',1.5);
axis([-1 5 0 2])
xlabel ('Time (sec)')
ylabel ("'x(t) ")
title('(c) ") 0

x(%)

0 2 i
Time (sec)

(d) ti=[-1 0 0}:
x1=[0 0 10]; 10 @
t2=0:.01:5; ;
x2=10*exp (-3*t2);
t=[tl t2];
x=[x1 x2];
plot (t,x, "LineWidth',1.5);
axis([-1 5 0 10]) 0
xlabel('Time (sec)')
ylabel ("x(t) ")~
title('(d)')

x(t)
[4/]

0 2 4
Time (sec)

(e) tl=[-1 0 0];
x1=[0 0 3i1;
t2=0:.01:5;
x2=3*exp (-t2) .*cos (2*t2) ;
t=[tl t2];
x=[x1 x2];
plot(t,x, 'LineWidth',1.5);
axis([-1 5 -1 3]) -1 0 2 4
xlabel('Time (sec)') Time (sec)
ylabel ("x(t)")
title('(e)")

(e)

x(®)

© = N W

3
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1.3 continued

(f) tl=[~-1 0 0];
x1=[0 0 31}, ®
t2=0:.01:5; 0
x2=3*exp (t2) .*cos (2*t2);
t=[tl t2];
x=[{x1 x21];
plot(t,x, 'LineWidth',1.5); -400
a:alcils)(][-—} 5 -450 100]) 0 2 4
xlabel ('Time (sec)')
ylabel ("x(t)") Time (sec)
title(* (£)')

x(f)
»
8

@

(a) t=-1:.01:5;
x=2*sin (3*t-pi/2)-
cos (2*t) ;
plot (t, %, 'LineWidth',1.5);
axis([-1 5 -3 3]}
xlabel ('Time (sec)') .
ylabel ("x(t)"') ' 0 é 4

title('(g)") Time (sec)
(h) t=-1:.01:5; (h)

x=sin(5*t)+sin(pi*t);
plot(t,x, 'LineWidth',1.5);
axis([-1 5 -2 21)

xlabel ('Time (sec)')
vlabel (*x(t) ')
title("(h) ")

0 2 4
Time (sec)

.y o |/ 'a. 3 ;%f
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/.4 Con z{/\n uea/

(c)
xtt 1

1.4 (d)
@

N

(a) t=[{-2 -1 -111 3 3 4};
¥x=[0 01 1-~-1-10 0];
plot (t,x, "LineWidth',1.5);
axis{([-2 4 -2 21)
xlabel('"Time (sec)')
ylabel ("x(t) ") -1
title('(a)") 2 , .

-2 0 2 4

Time (sec)

-

x(t)
o

(b) t=[-10112 2 4]; (b)
x=[0 0 -1 110 0]; 2
plot (t,x, 'LineWidth',1.5); 1
axis([-1 3 -2 2])
xlabel ('Time (sec)')
ylabel ("x(t)")
title('(b) ")

x(f)
s

-1 0 1 2 3
Time (sec)
(c) t1=[0 1];
x1=[0 0};
t2=1:.01:2;
x2=2%* (£2-1) ;
t3=[2 3]; 6
®3=[2 21;
t4=3:.01:5; 4
xX4=2*t4-4;
t=[tl t2 t3 t4]; X,
x=[x1 x2 x3 x41];
plot (t,x, 'LineWidth',1.5); 0
. axis ({0 5 -1 7]1) . . . .
xlabel ('Time (sec}') 0 1 2 K 4 5
ylabel ("x(t)"') Time (sec)
title('(c)")

(9

x(f)

K}
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1.5

(a) ti=[-1 0 0];
x1=[{0 0 1}; 1.5 @
t2=0:0.01:2; :
X2=exp(-t2); 1

t3=2:.01:4;

x3=exp(t3-4); €
td4=[4 5]; x 0.9
x4=[0 0]; ' (1]
t=[tl t2 t3 t4];
x={x1 %2 x3 x4]; -05 . . .
plot (t,x, 'LineWidth',1.5); ) 0 2 4
axis([-1 5 -,5 1.5]) Time (sec)
xlabel ('Time (sec)')
ylabel('x(t)")
title('(a)")
(b) tl=-1:.05:pi; .
X1l=cos(t1); (b)
t2=pi:.05:3%pi/2; 15
xX2=-cos(t2); 1
t3=[3*pi/2 5]; 0.5
x3=[0 0}; —
t=[tl t2 t3]; x 0
x=[x1 x2 x3]; -0.5
plot(t,x, 'LineWidth',1.5); -1
axis([-1 5 -1.5 1.5]})
Xlabel ('Time (sec)"') 15 0 2 4
ylabel ("x(t)") Time (sec)

title('(b) ")

1.6 (a) Since x(f) = vt -¢), replacing ¢ by 7 + ¢ gives W) = x(t +c).

() () v(©) =2 = =652 - o6y
(@) v@O) =(t+2)? - (¢ +2) +1=£2 +31+3
(iii) v(?) = sin(2(t + = / 4))=sin(2t+x/2) = cos(2¢)

1.7

(a)

6
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0l T,
i 1
(b)

4 1 4

3 1

‘).

Il
>y B il s N
-5 -F -3 A -y o6 71 A 3 <+ £ N

(c)

—3-1-—:"0/1_3 R o

(4)

-0./358

(e)

L /4
{

/2

L 8

£

[ I
—_————— | >
-3 - oy ¢ /7 A =3

7

© 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.

T



/.7 Con Zinved
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1.7 ()

(a) for n=1:5; (a)
: u(n)=0; 2 -
end;
for n=6:21; 1.5
u(n)=1;
end;
n=-5:15;
stem(n,u, 'filled") : 0.5
axis([{-5 15 0 21]) _
Xlabel('n')
ylabel ('u[n]"') qg“"b 5 10 15
title('(a)") n

uln]
o J
L ]
L]
—@

() for n=1:5; » (b)
X(n)=0; : 15

end; TT
for n=6:21; ?T

X (n)=n-6; ~ 10
end;

n=-5:15;

stem(n,x, "filled")

xlabel('n'") TTI
ylabel ('r{n]") ol.....?T

r[n]

title(' (b)") -5 0 5 10 15
(c) for n=1:5; : "
x(n)=0;
(c)
end; 1
for n=6:21; 447;7
x(n)=.5"(n-6) ; 0.8
end;
n=-5:15; = 0.6
stem(n,x, 'filled"’) % 0.4
xlabel ('n"') '
ylabel ("x[n]") - 0.2
title('(c) ")
okoooo—
. -5 -0 5 10 15
n

(d) for n=1:5;
x(n)=0;
end; v
for n=6:21;
x(n)=(~-.5)"(n-6);
end;
n=-5:15;
stem(n,x,'filled")
xlabel('n')
ylabel ('x[n]")
title('(d)")

9
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1.7 (§) continued ‘ P :
(e)

‘(¢) for n=1:5;
Xx(n)=0;
end; . E2
for n=6:21; x
x(n)=2%(n-6);

end; 0
n=-5:15; -
stem(n,x, 'filled") ° ° g " 15

xlabel ('n")
ylabel('x[nl")
title('(e)")

(f)n=-5:15;
x=sin(pi*n/4);
stem(n,x, 'filled')
Xlabel('n'")
ylabel('x[n]"'")
title('(£) ")

] (9
(q)n=—5:15; 0.5
x=sin(pi*n/2); E o
stem(n,x, 'filled') o
xlabel('n'") -0.5¢
ylabel('x[n]"')
title (" (g)") 12 0 5 10 15
' n
h
5 (h)

(h)n=-5:15;
x=(.9.”n).*(sin(pi*n/4)+cos (p
i*n/4));
stem(n,x, "filled"')
xlabel('n')
ylabel ('x[nl"')
title(*(h)")

(i)u(1l)=0;

for n=2:10; i
u(n)=1; 2 ®
end;
for n=11:21; 1.5
u({n)=0; =
end; = !
n=-5:15; 0.5
stem(n,u, 'filled"')
axis([~-5 15 0 2]) Y
: -5 0 5 10 15

xlabel('n')
ylabel ('x[n]")
title('(i)")

/0
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1.8 (e)

(a) n=-5:6;
xx[0 00001-1-1-~-100
01;
stem(n,x,'filled")
axis([~-5 6 -2 27])
xlabel('n')
ylabel ('x[nl"')
title('(a)")

(b) n=-5:6;
x=[0 0001012300 0];
stem(n,x, 'filled')
axis([-5 6 -1 4])
xXlabel{'n'")
ylabel ('x[n]"')
title('(b)")

(c)n=-5:6;
x=[0 0002010000 0];
stem(n,x, 'filled")
axis([-5 6 -1 3])
xlabel('n'")
ylabel ('x[n]")
title('(c) ')

(d) for n= 1:4;

x(n)=0;

end;
X(5)=exp(-.8);

for n=6:12;
X(n)=exp(.8* (n-6))+1;
end;

==-5:6;
stem(n,x,'filled")
xlabel('n")
ylabel('x[n])")
title("(d) ")

(a)

150

100

x{n]

50

/1

C)

chrcarodL!"?T
-5 5

10
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2r 2 T 2 _4
19(@) [ =""=2 Th=—"—=25 L="== 5 th
@ 4 ~ 2= 5,253 so the signal is periodic with fundamental period

equal to 57} = 10. 2l(—- /0 ——-)l (a)

£=0:.01:30;
=cos (pi*t) +cos (4*pi*t/5);
plot(t,x, 'LineWidth',1.5) =
xlabel ('Time (sec)') x 0 ]
ylabel ("x(t) ")
title('(a)') 9 '
0 5 10 15 20 25 30
Time (sec)
2z _2 T 1 5
(b) 4 =-——-1 L= T2 o » So the signal is periodic with fundamental period equal to

St 5° T, 2/5 2

511=2 | zk_ a’_i | )

t=0:.01:10;

xX=cos (2*pi* (t-4) )+51n(5*p1*t)
plot (t,x, 'LineWidth',1.5) —
xlabel ('Time (sec)') ‘;’ 0 8 ]\ ‘
ylabel ("x(t)"')

title('(b) ")

_2 ! 1L ! L
o 2 4 6 8 10
Time (sec)
27 2r m T, 1 5 ¢q .
C T:———-:LT:————’ —lz—z— —— 1 i i
© 7 oy 2579 AT # , for any positive integers ¢ and 7, so the signal is not
periodic. (c)
2 : .
t=0:.01:20;
X=cos (2*pi*t)+sin(10*t) ;
plot(t,x, 'LineWidth',1.5) € o
xlabel ("Time (sec)') x
ylabel ('x(t)")
title('(c)") 2
0 5 10 15 20
Time (sec)
2nq e . . . . o
(d) 10 ¢—r—— for any positive integers g and 7, so the signal is not periodic.
(d)

n=1:31; ’ 1

x=sin(10*n) ;

n=0:30; T T I T
stem(n,x,'filled’) 0 ?T T.
xlabel('n'")

: s 2
STETLITITE
ylabel ("x[n]")
title('(d)") -1 ; ) ) :
0 5 10 20

/3
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1.9 continued

© wT”=-2-’-’1withq= S and r = 3, so the signal is periodic with fundamental period equal to r = 3.
n=1:11; 'G_ 3 ’l (e)
x=sin(10*pi* (n~1)/3); 1 ' '
n=0:10;
stem(n,x, 'filled’) = .
xlabel('n"') = Oe * g o
ylabel ('x[n]") i
title(' (e)")
-1 ' : - g
0 2 4 6 8 10
n

(0 Is there a positive integer r such that x{» + 7] = x[n]? Since

x[p+r}=cos (fr(n‘+ r)2) =Ccos (7rn2 +7Qnr+r? ))

the signal is periodic if z(2nr + r2) = 27m where m is an integer, or (2nr +1r? Y=2m. Ifr=2 m=2(n+1),

which is an integer for any integer value of m, so r = 2 is the fundamental period. To generalize, consider

2nr +12

2
P wn . .. .
the periodicity of cos [TJ for some integer i. This is a periodic signal if =m. The signal is

periodic if / is even, in which case the fundamental period is 7 = #, and the signal is periodic if i i is odd, in

=2

which case the fundamental period is = 2i.

n=1:11; 1 T T
X=cos (pi*n."2); |
n=0:10; T T
stem(n, x, 'filled") E o
xlabel('n") x '
ylabel ('x[n]") :
title (' (£)") 1o )
: 0 2 4 6 8 10
n

1.10 (a) Whenx[n] = d[n],
yn]= —;—,-(5[n]+5[n—1]+---+§[n—N+1])

1
—,n=0,12,.. . N-1
yin]={ N

0, otherwise

! 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.

T



1.10 (b) When x[#] = u[n], y[n]=—-;r—(u[n]+u[n—l]+---+u[n—N+1]).
Forn<0,y{n]=0.

- n+1
For0<n<N-1, =—.
or0<n yn] Y

Forn>N, y[n]=1.

(c) When x[n] = r[n], y[n] = %(r[n] +r[n=1]+:-+r[n—N+1})
Forn<0,){n]=0.
For 0 5 n<N-1,

1
y[n]=;(n+n-—1+n-—2+---+2+l+0)

Performing the addition

n+nl+p2 +---+2 + 1+0
0+ 1 +2 + - +n2+ nl+n

n+ n +nte +n + n+n=nml)

shows that 2(rn+n—-1+n-2+---+2+1+0) = n(n +1) and thus

_1{nm+))_ nn+1)
y[n]—N( 3 J_— N for0<n<N-1.

. 1
Finally, for n> N, y[n]=—];(n+n—1+n—2+---+n—N+2+n——N+1). Via an addition process

1 (N(Zn—NH)): 2n—-N+1forn2M

similar to the one given above, we have that y{n]= ¥ 5

1.11 By the result in Problem 1.10, y{n]= w for n> N and thus

N-1

Yinl=n- =r[n—(N-1)/2] for n> N, which shows that the N-point MA filter delays the ramp r{n]
by (N-1)/2 time units.

1.12 n=1:69;
X=5*sin(pi*n/10+pi/4);
. for n=6:69;
y(n)=(1/6) *sum(x (n-5:n));
end;
n=6:69;
plot(n,y(n),n,y(n),'c', 'LineWidth',1.5)
grid
xlabel('n'")
ylabel('y[n]"')

/15
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1.12 continued

0 10 20 30 40 50 60 70

1.13 The first zero crossing of x(f) = Ssin(z¢/10+ z/4) occurs when x#/10 + n/4 = z, which implies that

t= 7..5. From 1':he plot in the solution to Problem 1.12, the first zero crossing occurs when n = 10. Hence,
t-he time delay is 10 — 7.5 =2.5. Note that this results corresponds to the statement in Section 1.4 that the
time delay through the N-point MA filter is (N-1)/2 = 5/2 = 2.5 when N = 6.

1.14 (a) Whenx{n]}=cforn>0,forn>5,

32 c ¢c ¢ ¢ ¢
Bl=—|Cc+—F+—+—+—+—
yn) 63( 2 4 8 16 32)

32(32+16+8+4+2+1)c_32[63)c_

nj=—
y[]. 63 32 631 32

(b) n=1:69;
x=5*sin(pi*n/10+pi/4);
w=[1/63 2/63 4/63 8/63 16/63 32/63];
for n=6:69;
y(n)=w* (x(n-5:n)"');
end;
n=6:69;
plot(n,y(n),n,y(n),'o", 'LineWidth', 1.5)
grid
xlabel('n')
ylabel ('yin]")

/é
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1.14 continued

{c) The 6-point MA filter response is plotted below using *’s and the response of the system (which is also
a filter) in Problem 1.14 is plotted below using o’s.

Filter responses
o

From' this plot it is seen that the filter responses are similar, except that the response to the filter in Problem
1.14 is faster (by about 2 time units) than the 6-point MA filter. The filter in Problem 1.14 is an example of
a 6-point EWMA filter, which is studied in the next chapter and in later chapters of the book.

1.15 (a) When x(t) = d(t),
1/1 for 0<t<1}

1 ¢
HN=—1 J6A)dA=
40 T de-1 () {0, for all other ¢

() Whenx(9)=a), 0= |, u(i)dA
-1
Fort<0,f)=0.

t -
For0<#<], y(t)=%jold1=-}[1]:;; =§

1pt 1,7 1
For£>1, )=~ Jda=1l4  =2l-e-n)=1

(©) Whenx)=r), =7 [ r(1)dz

Fort<0,(f)=0.

I| 2 T

1ot 2T 2
For0<f<], y(t)=7jlo)ld LA

A=t
Fort>1, y(1)=%f_l,1d,1=l[iz_] =1[ﬁ__(’:1_)2J=1[1,_ﬁ}=,__§

2j,_ ., 12 2 |1 2

/77?7
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1.15 continued

(d) By the result in Part (), for #> I, (#) = £ - I/2 = r(t-I/2), and thus the I-interval MA filter delays the
ramp r(f) by 7/2 sec.

1.16 % c[n]l is plotted using o's

% y[n] is plotted using *'s
c=csvread('QQQQdata5.csv',1,4,[1 4 60 4]);
for n=9:60;

y(n)=(1/9) *sum(c(n-8:n));
- end; !

n=9:60;

plot(n,c(n),n,c(n),'o’, 'LineWidth',1.5)
hold on i
plot(n,y(n),n,y(n),'*’, 'LineWidth',1.5)
grid

xlabel (*Day (n)")

ylabel('ci{n] and y[n}'")

hold off

38

c[n] and y[n]

0 10 20 30 40 50 60
Day (n)

1.17 (a) Causal and memoryless since the output y(#) at time ¢ depends only on the input x(?) at time .
(b) Same answer as that in Part (a).
(c) Same answer as that in Part (a).
(d) Same ansWer as that in Part (a).
(¢) Causal and has memory since the output }(?) at time ¢ depends on the input x(A)fori=0tod=1t
(f) Same answer as that in Part (e).

L1.18 (i) Let y:(t) be the response to x(f) and y,(¥) be the response to x(f). Then

4 4
n®= [ x(A)da and 3,0)= [ 2, ()2

/8
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1.18 (i) continued

Let 3(7) denote the response to ax;(f) + bx,(f) where a and b are scalars. Then

i
| 50)= [ e (2) + by (D RA
By linearity of the integration operation,

50)= [/ [ (i) +be, (DpA =af| 5 (Dda+b (A

Hence j(f) = ay,(f)+ by,(f) , which shows that the system is linear.

(if) With the same notation as in Part (i),
- d
¥ =— @ +bx,0)]
By linearity of the differentiation opération,
- d d d
)= z[axl(t) +b(0)]= ayh (f)+bjd7xz(t)

Hence y(f) = ay, (f) + by, (t) , which shows that the system is linear.

1.19 (a) Let y(?) be the response to x(¢) so that y(?) = Ix(#)|. Then the response to —x(7) is J(¢) = l-x()l
= Ix(#)l , which is not equal to - {7), and thus the system is not homogeneous, which shows that the system
is not linear. :

(b) Lety(?) be the response to x(7) so that 3(f) = ¢*”. Then the response to — x(7) is () = ¢™? = 1/"®,
:_vhlch is not equal to - y(?), and thus the system is not homogeneous, which shows that the system is not
inear.

'(c) Let y1(t) be the response to x;(7) and y,(?) be the response to x,(f). Then
7 (@) = (sin?)x, (¢) and y, () = (sin£)x, (7)
Let j?(t) denote the response to ax;(f) + bx,(f) where a and b are scalars. Then
J(@) = (sint)[ax, () + bx, ()] = a(sin )x; () + b(sin )%, (1)
Hence j(¢) = ay; (f) + by, (¢), which shows that the system is linear.

(d) Let yl.(t) be the response to x;(¢) = 6u(f) and (%) be the response to x,(f) = 6u(?), where u({) is the unit-
step functlon.. Then y(t) = 6u(t) and y,(f) = 6u(?), and thus, y(t) + y2(f) = 12u(t). But the response to x;(¢) +
xz(t)r=12u(t) is equal to 10, which is not equal to yy(t) + yx(7). Hence, the system is not additive, and thus is
not linear.

() Let yy(t) be the response to x1(f) and yx(f) be the response to x,(f). Then

nO= [ - Dn(i)dz ad (0= [/ €~ A, ()

/7
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1.19 (e) continued

Let y(#) denote the response to ax;(¢) + bx,(f) where a and b are scalars. Then

t
70 = [ [0~ A (2)+ By (ANHA
By linearity of the integration operation,

5= [ (¢~ AXax )+ bry AN pA = . (- Ay DA+ b (1~ ey (A

Hence j(f) = ay (f) + by, (f) , which shows that the system is linear.
() The system is linear. The proof is similar to that given in Part (e).

1.20 (a) Let y(?) be the response to x(#) so that () = Ix(#)|. For any #,, the response to x({ - #) is equal to
Ix(2 - #;)1, which is equal to y(z - 1;), so the system is time invariant.

(b) For any #, the response to x(f - #;) is equal to ¢***) | which is equal to )t - #;), and thus the system is
time invariant.

(c) For any #, the response to x( - #;) is equal to (sin 2)x(# - 1;), which is not equal to 3z - #;), since J(z - #;)
is equal to [sin (#-#))]x( - ;). Therefore, the system is time varying.
x(z~1) when |x(z-1,)| <10
0 when | x(z-4)| >10
This is equal to y(t - #;), so the system is time invariant.
t
(e) Let y() denote the response to x;(¢-,). Then y(f) = J.o - Dx(A-4)dA .

(d) For any ¢,, the response to x(f - ;) is equal to{

-4 — - -
But y(r—1) =J'o l(t—tl —A)x(A)dA. Let A=t,+4, 504 =f when1=0, and A =t when A =7~
Also, A=1 ~1;, and inserting this into the integral expression for y(¢- #;) gives

t _ — — i
He-1)= [ @-Tye@-1)d7 = | (t-Dxi-1)d2 % 50)
1 1
Thus the system is time varying.

(f) Same type of proof as given in part (€) shows that the system is time varying.

1.21 Let x(7) = 0.84, then y(f) = 0. The response to 2x(f) = 1.64 is generally not zero, and thus is not
equal to 2 times the response to x(f). Therefore, the system is not homogeneous, and is not linear.

x(@) ifx()>0

1.22 The input/output equation for the circuit is y(f)=<
0ifx(r)<0

The system is causal and memoryless since the output y(7) at time # depends only on the input x(f) at time .
Let x(#) = the unit-step function #(7). Then y(#) = u(f). The response to - #(7) is O for all z, which is not
equal to -1 times the response 3(7) to u(7). Hence, the system is not linear.

x(t—4)ifx(t-4)>0

0ifx(t-)<0

This is equal to (¢ - 1,), 5o the system is time invariant.

Q0

For any £, the response to x(z - ;) is equal to{
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1.23 (a) Let 3(7) be the response to x(#) and let T be a small positive number. Then

[ "x(A)da = ) " x(da+ [ T A+ | A
0 T e +-2T 13T A
. . t-nT
If T'is sufficiently small, L o Tx(/‘L)d;L = Tx(t-nT),n=0,1,2,..., where “~” means approximately equal
t
to. Thus .[o x(A)dA = Tx(t)+ Tx(t - T)+ Tx(t — 2T) +--- . If x(f) is a continuous function of ¢, this expression

[ 4
for jo x(4)d A becomes exact in the limit as 7 — 0. By linearity and time invariance, the response to
Te(t)+ Te(t = T) + Te(¢ — 2T) +---is equal to Ty(¢)+ Ty(¢—T) + Ty(t —2T) +--- , which is equal to
f
.[o Y(A)dA in the limit as 7 — 0. Hence the property is proved.

.o . () .. - — .
(b) If x(?) is differentiable, d(t ) = ’1,1_% X+ hz *(0) . By linearity and time invariance, the response to

xt+h)—-x() . t+h)—
Xe+h)-x@) }3 ) is equal to Yo+ }3 y®) . Thus d';(tt) is the response to-fd—f--lgQ » and the property is proved.

1.24 (a) y() = 4(1-e™"u(®) - 4(1-e Dy -1)
(b) () = (4)(1.414)cos(2(r - 2) ~ 7/ 4) = 2.828 cos (2t — 4~/ 4)
(©) YO =10(1—e™"Yu() +14.14cos(2t -7/ 4)

(d) The ramp fu(f) is equal to the integral of the step function u(f). Hence, using the result in Part (a) of
Problem 1.23 gives

‘ A=t
)= LZ(I—e"')dl = 2[/1+e“1]/1 o™ 2(t+e)-2, 120

1.25 (a) Using the result in Problem 1.10 Part (b), y[0] = 1/5, y{1] = 2/5, y[2] =3/5, y[3] = 4/5, y[4] = 1,
yinj=1forn>5.

for n=1:5; ' @
yl(n)=n/5; 2
end;
for n=6:31;
y1(n)=1; 18 1
end;
n=0:30; —f-: 1t g
stem(n,yl, "filled') >
axis ([0 30 0 21);
xlabel('n') 05} 7
ylabel('yl[n}'") T ‘
3 ]
title('(a)"') 0?

o
o
3
o
8
R
8

al
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1.25 (b) . 1 ®

x=2*ones (1,31);
for n=1:5;
y2{n)=(1/5)*sum(x (1:n));

end; 2| T?’?""T.T’TT.*TTT*T?.?,T‘

for n=6:31; =
y2(n)=(1/5)*sum(x (n-4:n)); §
end; 1+

axis ([0 30 0 31);

xlabel('n?')
ylabel ('y2[n]") 0 5 10 15 20 25 30

title("(b)") ’ n

n=0:30;
stem(n,y2,'filled') II
0

It is clear from the plots that y,[#] is equal to 2y,[n].
(©)

n=0:30;

x=sin(pi*n/4); ©
for n=1:5; ' T
y3(n)=(1/5)*sum(x(1:n));
end;

for n=6:31;

y3(n)=(1/5) *sum(x(n-4:n));
end; '

n=0:30;

stem(n, y3,'filled")

‘axis ([0 30 -1 11):
xlabel('n')

ylabel ( 'y3 [n] ‘) -1 L ! ! 1 !
title('(c)") 0 5 10 15 20 25 30

y3in]

@

n=0:30;
x=2%*ones (1,31)+sin(pi*n/4); 3 @
for n=1:5; ' !
y4(n)=(1/5)*sum(x(1:n)); Tf

end;

for n=6:31; 2 T
y4(n)=(1/5)*sum(x(n-4:n));
end; :
n=0:30; 1r 4
stem(n, y4, 'filled")

axis ([0 30 0 3]1):

xlabel('n"') 0 »
ylabel ('y4[n]"') 0 5 10 15 20 25 30
title("(d)") n

It can be seen from the plots that that y,[n] is equal to 2y,[n] + ys[n].

ad
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1.26 (a) y1(1)=(32/63)*1;
y1(2)=(32/63)*(1+(1/2)*1);
yi(3)=(32/63)*(1+(1/2)*1+(1/4)*1);
y1(4)=(32/63)* (1+(1/2)*1+(1/4)*1+(1/8)*1);
y1(5)=(32/63)* (1+(1/2)*1+(1/4)*1+(1/8)*1+(1/16)*1);
yl(6)=(32/63)*(1+(1/2)*1+(1/4)*1+(1/8)*1+(1/16)*1);
for n=7:31;
yl(n)=1;
end
n=0:30;
stem({n,yl,'filled")
axis ([0 30 0 21)
xlabel('n")
ylabel('yl[n]")
title('(a)"')

@
2 T T T T T
1.5} i
=
= 1}
< ®
0.5 | -
0 ||
0 5 10 15 20 25 30
n

(b) v2(1)=0;y2(2)=0;
y2{3)=(32/63)*1;
y2(4)=(32/63)* (1+(1/2)*1); ‘
v2(5)=(32/63)* (1+(1/2)*1+(1/4)*1);
Y2(6)=(32/63)* (1+(1/2)*1+{1/4)*1+ (1/8) *1);
y2(7)=(32/63)* (1+(1/2)*1+(1/4)*1+(1/8) *1+(1/16)*1);
¥2(8)=(32/63)* (1+(1/2)*1+(1/4) *1+(1/8) *1+(1/16)*1);
for n=9:31;
y2(n)=1;
end
n=0:30; :
stem(n,y2,'filled")
axis ([0 30 0 2])
xlabel('n')
ylabel ('y2[nl"')
title('(b) ")

23
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1.26 (b) continued

)
2 T T T T €
1.5 _
§ +
0.5+ I 4
Oo-eo
0 5 ‘ 10 15 20 25 30
n

From the plots it is clear that y,[#] = yi[n - 2].

{¢) n=0:30;
x=sin(pi*n/4);
y3(1)=(32/63)*x(1); :
i=1:2;w2=(32/63)*(.5.7(2=1)) ;y3(2)=w2* (x(1:2)");
i=1:3;w3=(32/63)* (.5.7(3-1));y3(3)=w3*(x(1:3)");
i=1:4;w4=(32/63)*(.5.2(4-1)):y3(4)=wd* (x(1:4)");
i=1:5;w5=(32/63)*(.5.7(5~1));y3(5)=wh*(x(1:5)");
i=1:6;w6=(32/63)*(.5.~(6-1)):
for n=6:31;
y3(n)=wé6* (x(n-5:n)");
end
n=0:30;
stem(n,y3,'filled"')
axis({0 30 -1.5 1.5})
Xlabel('n')
ylabel('y3[n]"')
title("(c) ')

©

AL i
_1.5 L I ] H i
0 5 10 15 20 25 30
n
g
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1.26 (d) Replacing n by n — 4 in the expression for y{n] given in Problem 1.14 reveals that y,[n] =
y3[n—4]. Hence, the plot of y4[#] is equal to a right shift of 4 time units of the plot in Part (c).

1.27 Let y,[n] be the response to x;[7] and y,[n] be the response to x,[»]. Then for any scalars a and b, the
response to axy[n] + bx,[n] is

> a(aqln]+bxy[n)) =@y axn]+bY_ ax,in]
i=0

i=0 i=0
= n[nl+ y[n]

and therefore the system is linear.

1.28 The system is causal and has memory since the output y[n] at time » depends only on the input x{/]
for i=n-5, n-4, n-3, n-2, n-1 n. Replacing x[n] by ax,[n] + bx,{n] in the expression for y[#] given in
Problem 1.14 reveals that the response to ax;[n] + bx2[n] is equal to a times the response to x,[n] plus b
times the response to x,[n], and so the system is linear. Time invariance of the system follows by replacing
n by n— q for any integer g in the expression for y[r] given in Problem 1.14.

1.29 (a) The system is causal and has memory since the output y[#] at time n depends only on the input x[7]
for i=n-2 and i =n The system is clearly linear and time invariant.

(b) The syétem is not causal since the output y[r] at time » depends on the input x[7] at future time 7 = n+1.
The system is clearly linear and time invariant. .

(¢) The system is causal and memoryless since the output y[#] at time » depends only on the input x[r] at
time n. The system is obviously linear, but it is time varying since the response to x{n—1] is equal to nx[n-
1], which is not equal to y[n—1] = (n-1)x[n-1].

(d) The system is causal and memoryless since the output y[#] at time » depends only on the input x[n] at
time 7. The system is linear, but is time varying since the response to x[n—1] is equal to u[n]x{#n-1], which is
not equal to y{r—1] = u[n-1]xjn-1].

(¢) The system is causal, memoryless, nonlinear and time invariant. The justifications are similar to those
given in Problems 1.17 (a), 1.19 (a), and 1.20 (a).

(f) The system is causal, memoryless, nonlinear and time invariant. The justifications are similar to those
given in Problems 1.17 (b), 1.19 (b), and 1.20 (b).

(g) The system is causal, has memory, is linear and time varying. The justifications are similar to those
given in Problems 1.17 (f), 1.19 (f), and 1.20 (f).

as
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