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Chapter 2
Problem Solutions

Concept Problems

1. When does x[n]=x(nT)? When does it not?
Solution: See Equation (2.1).

2. If a continuous-time signal is sampled and the sample values applied in a digital computer,
why is the sample value used in the computer generally not equal to the value of the continuous-
time signal at the sampling instant.

Solution: Refer to Shannon’s Sampling Theorem.

3. Discuss the relationship between the sampling period and the numerical accuracy of the
calculation of the integral of a continuous-time signal using the sampled values.

Solution: Consider Figure 2.2. The numerical accuracy of the integration algorithm also may
place a limit on the sampling frequency.

4. Discuss the differences between the continuous-time function x(¢) =u(¢)—u(t—t,) and the
discrete-time function x{n] = u[n]—u[n—n,] .
Solution: x(t)=1 for 0<¢<¢,, x[n]=1for0<n<n,.

5. Discuss the difference between the continuous-time impulse &(¢ —¢,) and the discrete-time
impulse d[n—n,].
Solution: See Equations (2.11)-(2.13).

6. Explain why a discrete-time signal formed by sampling a periodic continuous-time signal may
not be periodic. What are the conditions required for the discrete-time signal to be periodic?
Solution: See Equations (2.34)-(2.35).

7. Why is the time-average value of a signal always contained in the even part of the signal?
Solution: By definition (2.27), the odd part of a signal has a time-average value of zero.

8. Give an example of a periodic continuous-time signal that sampled with 7' =1 msresulting in
a non-periodic discrete-time signal.
Solution: Consider any periodic, continuous-time signal for which 7;,/0.001 is irrational.

9. Describe, in English, the process of convolution with respect to a signal being processed
through a system.
Solution: Consider the sum of a continuing series of impulse responses.

10. Give an example of a finite impulse response system that is different from the system
discussed in Example 2.7.
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Solution: Revise Figure 2.24 and Equation (2.88).

Analysisand Design Problems

Section 2.1 Problems: Discrete-Time Signals and Systems

2.1. Determine which of the following discrete-time functions is different from all the others.
(a) x,[n]=u[n+1]—u[n-2]

(b) x,[n]= ) 5[n—k]

=1
I, ne[-1,1]

0, otherwise

(c) x [n] ={

(d) x,[n]=S[n+1]+O[n]+o[n—1]+S[n-2]
Solution
Only function (d) has a non-zero value at n = 2.

2.2. Write a MATLAB® program to generate a plot of u[n—4]—u[n—10] over the discrete

sequence 0<n<15.
Solution
for m=1:16
y(m)=0;
n=m-1;
k(m)=n;
if n-4>=0, y(m)=1;
end
w(m)=0;
if n-10>=0, w(m)=1;
end
x(m)=y(m)-w(m);
end
stem(k, x)

Section 2.1 Problems

2.3. The trapezoidal rule for numerical integration is shown in Figure P2.3. The value of the
integral at time nT is equal to the value at (n-1)T plus the area of the trapezoid shown.

(a)

(b)
Write a MATLAB program that integrates e, 0 < <5 seconds, with a sampling period of
T =0.1 second.

Write a difference-equation model for the integration operation that relates y[n] to x[n].
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F 3 X{t}
(k-1}T kT :i‘
Figure P2.3
Solution P2.3
T
(@) y[n]=y[n-1] +3(X[n] +x[n—1])
(b)
y(1)=0;
T=0.1;
for n=1:51
y(n+1l)=y(n)+T/2*(exp(-n*T)+exp(-(n-1)*T));
end
y

Final result: y(5) =y[51] = 0.9941.
Section 2.1 Problems

2.4. The sequence shown in Figure P2.4 was acquired by sampling a continuous-time signal
x(t) = €' [u(t) —u(t —0.55)] using a sampling period of 0.1 second.

(a) Approximate the integral of the signal using rectangular (Euler) integration.
(b) Approximate the integral of the signal using trapezoidal integration.
(c) Calculate the integral of the continuous-time signal x(z).
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(b) trapezoidal itegration:

A
e

A-11=0;)[-1]=0;T =0.1

1[0]= y[—1]+%(x[0]+x[—l]) =0+0.05x(1+0) =0.05
y[1]= y[0]+g(x[1]+x[0]) =0.05+0.05x(2+1)=0.2
y[2]+%(x[2]+x[l]) =0.2+0.05x(4+2)=0.5

M

1[6]= y[5]+§(x[6]+x[5]) =4.7+0.05%(0+32)=6.3

(c) y=_[00'55e6'915tdt— 1

— 6 9315 e6.9315t 8.55 — 6385

Section 2.2 Problems: Transformations of Discrete-Time Signals

2.5. The discrete-time signals shown in Figure P2.5 are zero except as shown. Plot the following:

(a) x{2n] (b) x{n/2]
(¢) x{—n] (d) x[-2n]
(e) x{n—2] (f) x{2-n]
(g)2-3x[n] (h)1+2x[n—2]
-
Figure P2.5
Solution P2.5
(a) Timescaling: 1 = 2N —=> N = m/z () Timescaling: M =N/ 2= n=2m
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(c) Timecreversal: ;1 = —m (d) Timereversal andscaling: M = —2N > Nn=—m/ 2
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(e) Timeshitt M=N—2=>n=m+2 (f) Time shiftand timereversal: M =2 —N > N =—MmM+ 2
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Section 2.2 Problems

2.6 The signal in Figure P2.5 is zero except as shown. Plot:

(a)x{—n]u[n] (b)x[nJu[—n]
(e)x[nlu[n—-2] (d)x[nJu[2—n]
(e)x[n]o[n—1] (f)x[n](S[n]+ S[n—-2])
Solution

(a) Time reversal on x[#n], followed by multiplication by a unit step function:

| | | | | | | | |
o e |
| | | | | | | | |

B s e e et Sl A
[ [

K it s St B et el it el Mt Bl
N L

(c) Multiply x[n] by a time-shifted unit step function:
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(d) Multiply x[n] by a time reversed and time-shifted unit step function: ., _,_ {(1)” 322
>

(¢) Multiply x[n] by a time-shifted impulse sy, _ , 1= {1’ n=ny

0,otherwise
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(f) Multiply x[n] by the sum of two impulses, one occurring at » = 0 and one at n = 2.

Section 2.2 Problems

2.7. The sequence x[n] is shown in Figure P2.4. For each of the following, write an equation
describing the sequence as a sum of discrete-time impulses and sketch the sequence.

(@) y,[n]=x[n—-2] vs. n.

(b) y,[n]=x[n+3] vs. n.

(¢) y.[n]=x[-n] vs. n.

(d). y,[n]=x[-n+3] vs. n.

Solution P2.7
(a)
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Section 2.2 Problems

2.8. Suppose that the sequence of Figure P2.5,
x[n]=3v[0.52-2]-2
find and sketch v[n].

Solution P2.8

V[0.5n—2] = x[’g”

time transformation :m=05n-2=>n=2m+4

m n Av AX
-4 -4 2 4/3
-3 -2 0 2/3
-2 0 -4 -2/3
-1 2

0 4

1 6

2 8

3 10

Section 2.2 Problems

2.9. The general case of a signal transformed in both time and amplitude can be expressed as
y[n]= Ax[an+b]+ B
where a is rational and b is an integer. Solve this expression for x[#] in terms of y[n].

Solution P2.9

y[n]= Ax[an+b]+ B; letm=an+b=n=

2

a
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Section 2.3 Problems: Characteristics of Discrete-Time Signals

2.10 Give proofs of the following statements:

(a) The sum of two even functions is even.

(b) The sum of two odd functions is odd.

(c) The sum of an even function and an odd function is neither even nor odd.
(d) The product of two odd functions is even.

(e) The product of two even functions is even.

(f) The product of an even function and an odd function is odd.

Solution P2.10
xl [n] = ‘xe] [n] + xe2[n];

(a)

x [-n]=x,[-n]+x,,[-n] = x,,[n]+x,,[n] = x,[n],.. even

e

x,[n]=x,[n]+x,,[n];

(b)

x,[-n]=x, [-n]+x ,[-n]=—x,[n]-x,,[n]=—x[n], . odd

© x,[n]=x[n]+x,[n]

x[-n]=x,[-n]+x [-n]=x[n]-x [n]#x[n], . neither

e

(d) xl [n] = xe][n]‘xe2[n]

x,[-n]=x,[-n]x,[-n]=x,[n]x,,[n] = x[n],. . even

e

x,[n]=x,,[n]x,,[n]

x,[-n]=x,[-nlx,,[-n]= [_xm[n]][_xaz[n]] =x,[n],.. even

(e)

x,[n]=x[n]x,[n]

® x[-n] = x, [-nlx,[-n] = x,[n][—x,[n]] = —x,[n],.. odd

Section 2.3 Problems

2.11. (a) Determine if each of the signals listed is even, odd, or neither.

(@) x,[n] =3u[n-2] (@) x,[n]=n
(iii) x,[n] = (0.7)" (iv) x,[n] =3+(0.7)" +(0.7)"
(v) x5[n] = cos(n) (vi) x,[n] = cos(n—7/6)

(b) Sketch the signals and verify the results of (a).
(c) Find the even part and the odd part of each signal.

Solution P2.11
(a) (1) neither, (ii) odd, (ii1) even, (iv) even,(v) even,(vi) neither
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(b)

(1) Neither (i1) Odd
i WHH

(i11)) Even (iv) Even
M\MM CEEEEEEEEE

(v) Even (vi) Neither

(c)

(i) x,[n]=1.5u[n—2]+1.5u[-n=2], x,[n]=1.5u[n—2]—1.5u[-n—2]
(i) x,[n]=0, x,[n]=n

(iii) x,[n] = x[n], x,[n]=0

() x,In]=x[n], x,[n]=0

) x.[n]=x[n], x,[n]=0

(vi) x,[n]=0.5cos(n—7/6)+0.5cos(—n—7/6)
x,[n]=0.5cos(n—/6)—0.5cos(—n—7/6)

Section 2.3 Problems

2.12. (a) Determine and plot, separately, the even and the odd parts of the discrete-time signal

x[n] shown in Figure P2.12.
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(b) Write a MATLAB® program to calculate and plot the even and odd parts of the signal shown
in Figure P2.12.

.

=5 -4 -3

Figure P2.12

Solution P2.12
(a) x,[n]= (x[n]+x[—n])/2; x,[n]= (x[n]—x[—n])/Z
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(b)

>> x=[000000232133122000000];
>> n=[-10:10];

>> xm=Fliplr(x);

>> xe=(x+xm)/2;

>> xo=(x-xm)/2;

>> stem(n,xe);

>> stem(n,xo0);

>> stem(xe+x0);

>> stem(n,xe+x0);

Section 2.3 Problems

2.13. The signals x,[n] and x,[n] are given: x, = cos(0.27n) and x, = cos(0.1257zn)

(a) Determine if each of the signals is periodic, and if so, determine the number of samples per
fundamental period.
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(b) Determine if the sum of the two signals is periodic. If so, determine the number of samples
per fundamental period.

Solution P2.13
(a)

x,[n]=co0s(0.2zn+0.27N,,) = cos(0.27n + 27k)
02Ny, =2k = N, =10,k =1, x,[n]is periodic.

x,[n]=co0s(0.1257n+0.1257N,) = cos(0.1257n + 2 k)

5 0.125Ny, =2k = N, = ﬁ =16,k =1, x,[n] is periodic.

x;[n]=cos(0.47n+0.47N;) = cos(0.4zn + 27k)
504N, =2k = Ny, =5,k =1, x;[n]is periodic.

(b)

%=0.1250'2=%,%=0'%_2=%=1%

0.2Ny, =2k = Ny, =(3( )8 =80
0.125N,, =2k, = N, = (%'125)5 =80
0.4N,, =2k, = Nyy =(3( 4)16=80

.. the sum is periodic.

Section 2.3 Problems

2.14. (a) A continuous-time signal, x(¢) = cos(2xt), is sampled every T seconds. Determine if
the resulting discrete-time signal, x[n]=x(nT), is periodic if:

(i)T =5s. @#i)T =0.125s

(@i)T =0.1s (iv)T =0.130s

VT = % S

(b) For the sampled signals in part (a) that are periodic, find the number of periods of x(¢) in one
period of x[n].

(c) For the sampled signals in part (a) that are periodic, find the number of samples in one period
of x[n].

Solution P2.14
(a)()
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x[n]=cos(10zn) = cos(10zn+107N,) = cos(107zn + 2 k)

" 2nk=107N,, N, = % = N, =1,k =5.. periodic (constant)

(ii)
x[n]=cos(0.257n) = cos(0.25zn +0.257N,) = cos(0.25zn + 2 k)
w27k =0.257N,, N, = 2k/0 ) <= N, =8,k =1 .. periodic

(iii)

x[n]=cos(0.27xn) =cos(0.2zn+0.27N,) = cos(0.2zn+ 2xk)

w27k =027N,, N, =2k

0.2
(iv)
x[n]=co0s(0.267n) = cos(0.267n+0.267xN,) = cos(0.26xn + 2 k)

w27tk =0.267N,, N, =2k, (= N, =100,k =13,.-. periodic
(v)

x[n]= cos((8/3)7rn) = cos((8/3)7m +(8/3)7Z'N0) = cos((8/3)7m + 27rk)
<. 27k = (8/3)N,, N, = 2%8 /3= No=3, k = 4,... periodic

= N, =10,k =1.. periodic

(b) () k=5, (ii)k=1, (iii) k=1, (iv) k=13, (v)k=4.

(©) () No=1, (i) Ny =8, (iii) N, = 10, (iv) Ny = 100, (v) Np=3.

Section 2.3 Problems

2.15. (a) Determine which of the discrete-time signals listed below are periodic in Q.

(i)cos(7zn) (i) cos(Bzn/2 + 7/ 4)
(iii)sin(0.0 177 (iv)sin(3.15n)
(v)sin(3.157zn) (vi)cos(zn/2)+1

(b) For those signals in Part (a) that are periodic, determine the number of samples per period.

Solution P2.15

(a) All are periodic in Q, the following is a test for periodicity in 7.
(1)

cos(rn+N,) =cos(zn+2km)= N, =2k, .k =1,N, =2, periodic
(ii)

cos(3zn/2+n/4+37N,/2) = cos(3rn/2+x/4+27xk) = 3N, /2 = 2k,

S k=3,N, =4, periodic

(iii)

sin(0.017 +0.01zN,)) =sin(0.017 + 27k) = 2k = 0.01N,,.. k =1,N, = 200, periodic
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(iv)
Sin(3.15n+ 3.15N,) =sin3.15n + 22k) = 27/ | =N/,

N, /k is irrational, .. nonperiodic.

)
sin(3.15zn+3.152N,) =sin(3.15zn+2xk) = 2k =3.15N,),

N, /k =200/315 = 40/63,k = 63,N, = 40, periodic
(vi)

cos(0.57n+0.57N,) +1=cos(0.5zn+27k)+1= 0.5N, =2k,k =1,N, =4, periodic
(b)
(1) Np=2 (i) Np=4 (ii1)) Ny=200 (iv) not periodic inn (v) Ny=40 (vi) Ny=4

Section 2.4 Problems: Common Discrete-Time Signals
0.5",-6<n<6

0, otherwise

2.16. Given the discrete-time sequence x[n]= {

(a) sketch the sequence as a function of #,
(b) sketch x[nJu[n] vs. n.

(c) sketch x[nJu[—n]vs. n.

(d) sketch x[-nJu[—n] vs. n.

(e) sketch x[2—n]u[2 —n] vs. n.
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Section 2.4 Problems

2.17. The discrete-time signals listed below are the result of sampling a continuous-time signal
with a sampling period 7= 0.1 s. Find the time constant 7 for each signal and the frequency @
for each of the sinusoidal signals.

(a) (0.3)" (b) (0.3)" cos(n)

(c) (-0.3)" (d) (0.3)"sin(n+1)

(e) (0.5)" cos(3n) (f)(0.5)"sin(1207zn+ z/4)

Solution P2.17
T7=0.1s.

—at —anT —aT)n
— pal)

=e
t=nT

(a) (0.3)" = (e% ) = In(0.3) = —% T = —0%n(0_3) =0.0106 s.
(b) from (a), 7 =0.0106s. @ = % - %.1 =10 rad/s

, where 7=1/a. cos(a)t)L:nT = cos((wT)n) = cos(bn), where w = b/T.

(c) (-0.3)" =(0.3)"(-1)" =(0.3)" cos(zn). From (a), 7=0.0106s.w = % =107 rad/s.
" i - b/ _ 1/ _

(d) (0.3)"sin(n+1). From (a), 7=0.0106. w = A, = A.l =10 rad/s.
" -—-0.1 — -3/ _

(e) (0.5)" cos(3n). 7 = /n(o. 5=0.1445. =3 | =30 radss.

(f) From (e), (0.5)" sin(12077 + %). r=0.144s. 0= 120% | rad/s.

Section 2.4 Problems

2.18. Use MATLAB® to generate and plot the signals of Problem 2.16(a)-(f).

Solution P2.18
(MATLAB® commands for Part (¢)
>> for m=-5:5
k=m+6;
x(k)=(0.5)"m*cos(3*m);
end
>> stem(n,x)



l l l T T 1 T T 1 ° l l °
| | | Lo T | |
L L _e__1__ B T T T O A N S O PO N [ a_____ PO
| | | Lo o | |
| | | Lo T | |
Y N I Y - [ d--——= ¢ - ——— o
| | | Lo T | |
| | | Lo T | |
e e el e e o e el el e el Bt e el L R el - it ittt b
| | | Lo T | |
| | | R o | |
et il St e b r-r—r—rr % -0 ao 7 | T [t B« i A
| | | Lo T | |
D A 1 e P () A, L S
| | | T T T T | |
| | | Lo T | |
JE S S O T o P S [ [ A
| | | Lo T | |
| | | Lo T | |
e k- — -4 —— s A e [ o — — — — — a
| | | Lo [ T | |
| | | Lo o | |
e il il m T Sl I S e el el s e s o J Rt Y AR i [tin o e R
| | | Lo T | |
o | i R R | [ NN N
| i — T T o R T T i
| | | Lo T | |
| | | Lo L1 0 L ! o
= | e s s 5 v & 5 & ¢ & g S - S i
g & | 8 8 8 8 2 2 8 38 ¢ 3 9 S 7
S S =
N N N
T T T T ©
| | | |
| | | | [ [
| I | | | o o | ! ! ! !
L (e D I (it e Bt Aty M Rl el \\\,\\\\,\\\Av\\\,\\\\,\\\\
| | | | | [ [ | ” ” ” ”
T T Y S IR S T SO A H Y T PN
| | | | | | | | | | - e L
| | | | | [ [ | ! ! ! !
Po—t——F——-— 8 — - = — - & -t — -~ — & ! ! ! !
| | | | [ [T \\\,r\\\”\\\w?\\,r\\\” \\\\\
e | o o
| | | | [ [T e e & e bt
T N O A S 4 ¢ —d - -0 ” ” ” ”
| | | | [ [T
| | | | | [ [ | T ! T ! -
i il it il ity Bl e Rl Bl S Bt el k) ” ” ” ”
| | | | [ [T
it il s Bl o R b
e o P I S Pl M I | | | |
| | | | 00 T T
| | | | | | | | | | S N O P
e ——— — - — o B e e e ) ! ! ! !
| | | | | [ [ | ! ! ! !
| | | | | | | | | | —_— Ly
I R e e R B A i Tk e s ey M T e ! ! ! !
| | | | | [ [ | ! ! ! !
| ! | | | | | . . . o - o 5 S + = )
g g g 8 8§ % 5§ 8 8 g ° ° " -
— —~ —~
© (&) ()
~ N ~

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and
written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or
regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.

transmission in any form or by any means, electronic, mechanical, photocopying, recording, or likewise. For information

4(0.6)" cos(4n) is formed by sampling a continuous-time

signal, x(¢), with a sampling frequency of 10 samples-per-second.
(a) What is the time constant associated with the signal x(¢)?

(b) What is the frequency of oscillations in x(7)?

(¢) Plot x[n] using MATLAB® and use the plot to confirm your answers to (a) and (b).

2.19. The discrete-time signal x[#]

Section 2.4 Problems
Solution P2.19
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x[n]=4(0.6)" cos(4n) =4a" cos(bT), T =0.1s.

@ 7="T4 =" M0.6)= 0196

(b) w= % = %_1 = 40 rads.

Section 2.4 Problems

2.20.(a) Write a mathematical model of each of the sequences shown in Figure P2.20, defining
the sequence as a function of 7.

(b) Use MATLAB® to generate and plot the function of # that you wrote in Part (a). Compare
your plots with Figure P2.20 to check your answers for Part (a).

I I I I I I I
C T T co o P T A cT 7
Y| S e e e R |

. l I ; ‘. L L
0 1 2 3 4 5 6 7 8
(a) n

40 T T T T T T T
S [ T coT T R A oo cTo 7
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10F———m e T T R -

. ; r I f L L
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(b) N

2.5 T I T I I I I
R B R I SR SRR -
= 15f----—- b e e P T jm— - - —
) A A S TR L L o L _
oSp=-—— 1 [ ””” { ”””” oo S 7

0 . ‘
0 1 2 3 4 5 6 7 8

(c)
Figure P2.20.
Solution P2.20

(a) x[n]=(0.5)"u[n]
(b) ¥[n]=30(0.5)""" (u[6 —n] —u[—n]) =30(2)"" (u[n] —u[n- 6])

() v[n]=(1+(0.5)")(u[n] - u[n—6])
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Section 2.5 Problems: Discrete-Time Systems

2.21. A system’s output can be calculated using the difference equation
y[n]=5y[n—-1]+ y[n-2]+3x[n-1]-4x[n—2]

(a) Is the system linear? Justify your answer.
(b) Is the system time invariant? Justify your answer.
(b) Is the system causal? Justify your answer.
(c) Is the system stable? Justify your answer.

Solution P2.21
y[n]=5y[n—1]+ y[n—-2]+3x[n—1]-4x[n—2]

(a) The system is linear
ay,[n]+by,[n]= S(ayl[n —1]+by2[n—l])+ ay,[n —2]+by2[n—2]+3(axl[n —1]+bx,[n —1])

—4(ax1[n =11+ bx,[n —1])
= a(yl[n]—5y1[n—1]—3xl[n—1]+4xl[n —2])+b(y2[n]—5y2[n —1]-3x,[n —1]+4x2[n—2]) =0
a(0)+b(0)=0
(b) y[n—n,]=5y[n-1-ny]+y[n—-2-n,]+3x[n—-1-n,]-4x[n—2—n,],.. time invariant

(c) The system is causal since y[#n] is not a function of future values of x[n].

(d) y is bounded if x is bounded. The system is BIBO stable.

Section 2.5 Problems
2.22. The impulse response of a LTID system is 4[n] = (0.5 (u[n]—u[n—2]). The input signal

is x[n]=d8[n]+do[n—1].
(a) Is the system causal? Justify your answer.

(b) Is the system stable? Justify your answer.

Solution P2.22
hn)=(0.5)"" (uln]—uln—2])

(a) The system is causal. The impulse response is zero for all n < 0.
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(b) The system is stable. The output will be finite for finite inputs.

Section 2.5 Problems

2.23. Determine if each of the systems described by the equations given below is causal.
(a) y[n]=0.3x[n—2]+0.1x[n—1]

[
(b) yin]=x[n+2]
(c) y[n]=-0.2x[n+1]+2x[n]+0.5x[n—1]+0.25x[n—2]
(d) y[n]=0.5x[n—1]+0.25x[n—2]+0.125x[n— 3]+ 0.0625x[n +1]

Solution P2.23
(a) Causal. The output, y[n], is determined by past or current values of the input x[#].

(b) Not Causal. The output, y[n], is determined by future values of the input, x[#].
(c) Not Causal. The output, y[n], is partially determined by future values of the input, x[#].
(d) Not Causal. The output, y[n], is partially determined by future values of the input, x[#x].

Section 2.5 Problems

2.24. Sketch a block diagram for a system that will solve the difference equations:
x[n+1]=x,[n]
x,[n+1]=-0.5x,[n]+0.125x,[n] +u[n]

yn]=2x[n]

Solution P2.24

ul#] 1 xz[1] x;[rf]- v[n]
{%:;_12’

Section 2.5 Problems

2.25. Write a difference equation model for the system shown in Figure P2.25.
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Figure P2.25
Solution P2.25
1. Recognize that the output of each block is the input to that block delayed by one sample
period.

2. Write the equation for the output of the summing junction.
y[n]=-0.7y[n—1]-0.1y[n =2]+ x[n]+ x[n —1]

Section 2.6 Problems: Convolution for Discrete-Time Systems

2.26. A linear, time-invariant system has the input signal x[n], the output signal y[x], and the
impulse response /[n]. For each of the cases described below, find the output y[n]. The signals
are plotted in Figure P2.26.

(a) x[n] in (a), A[n] in (b)

(b) x[n] in (b), A[n] in (d)

(c) x[n] in (a), A[n] in (c)

(d) x[n] in (d), A[n] in (e)

(e) x[n] in (b), A[n] in (f)

2 T T T T T T 4 T T T
1L 3
D S A A : [ [
Ak il I T I
1
- — o 2 3 1 5 & 22— — ]
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Figure P2.26
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Solution P2.26

(a) (b)
y[n]=0,n<0, y[n]=0,n<0,
M0]=1x3=3 M0]=2x3=6

[

[

MII=1x3+1x3=6

M2 =13+ 1x3+1x1=7

MB1=1x3+1x3+1x1+1x1=8

MA41= D3+ 13+ Ix1+1x1+1x1=9

M51=0x3+1x3+1Ix1+1x1+1x1=6

3[6]=0x3+0x3+1x1+IxI+Ix1=3

M71=0x3+0x3+0x1+1x1+1x1=2
k
L

M1]1=2x3+1.5x3=10.5
M2]=2x1+1.5x3+1x3=9.5
[31=2x1+1.5x1+1x3+0.5x3=8
M4]=2x1+1.5x1+1x3+0.5x3+0x3=8
V[5]1=2x0+1.5x1+1x1+0.5x3+0x3=5
y[6]1=2x0+1.5x0+1x14+0.5x1+0x3=1.5
M71=2x0+1.5x0+1x0+0.5x1=0.5

A

n= 0 1 2 3 4 5 6 7

V[8]=x3+0x3+0x1+0x1+1x1=1 y[n]=0,n28
yn]l=0,n29
(c) (d)
y[n]=0,n<0 y[n]=0,n<0

n= 0 1 2 3 45 6 7 8 9

yin= 1 0 1 0 10 -1 y[n=2 35 05 -2 -2-15-050 0 0
y[n]=0,n>8 y[n]=0,n>7

(e) MATLAB Solution:

Mn]=0,1<0 olution:

n= 0 1 2 3 4 5 6 7 @)

yin}= -3 -6 -1 4 1 X= [1 11110000 0];
yn]=0,n>8 h=[3 31110000 9];

y=conv(x,h)

Section 2.6 Problems

2.27. (a) Consider two LTI systems connected in cascade. The impulse responses of the two
systems are identical, with 4[n] = hy[n]= (0.8)". Find the impulse response of the total system.

(b) Repeat part (a) for A [n] = hy[n] = o[n-3].

(c) Repeat part (a) for /1[n] = ha[n] = u[n] — u[n-2].

Solution P2.27
(a) Aln]=h[n]+h,[n]= i 0.8" u[k]x0.8" *u[n—k]= ZnIO.Sk x0.8"* = 1n0.8"u[n]
(b) Aln]=0[n—-3]*d[n —%Tz o[n—06] -
(c) h[n]=u[n-2]*u[ln-2]= i ulk—2u[n-2-k]= HZ%‘I =(n-4u(n-4)
Pt [

Section 2.6 Problems

2.28. Calculate and write a mathematical expression for the output, y[n], of a linear, time-
invariant, discrete- time system with the impulse response, A[n]=36[n]+ d[n—1]+6[n—-2] if the
input signal is x[n]=28[n]+30[n—1]+46[n—-2]+5[n-3].
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Solution P2.28
hnl=[3 1 1 0 0 0 OL]

x[n]l=[2 3 4 1 0 0 OL]
yln]=x{n]«h[n]

y[n]=0,n<0,

y[0]=3%x2=6
Y1]=3x3+1x2=11
V2]=3x4+1x3+1x2=17
V[3]=3x1+1x4+1x3+0x2=10
V[4]=3x0+1x1+1x4+0x2=35
YS5]=3x0+1x0+1x1=1
yn]=0,n>5

n=[012345678 ..]]
y[n]=[6 11171051000 . .]

Section 2.6 Problems

2.29. The impulse response of a LTID system is 4[n] = (0.5)" " (u[n]—u[n—2]). The input signal
is x[n]=&[n]+o[n—1]. Calculate and plot the output signal, y[n].

Solution P2.29

h[n]=(0.5)""(u[n]—u[n—-2]) = 28[n]+15[n—1]
x[n]=10[n]+10[n—1]

yln] = x{n]=*hln]

y[n]=0,n<0

y[0]=2x1=2

WI]=2x1+1x1=3

V[2]=2x0+1x1=1

Yn]=0,n>2

Section 2.6 Problems

2.30. The impulse response of a LTID system is 4[n] = (0.5 (u[n]—u[n—2]). The input signal
is x[n]=d8[n]+do[n-1].

(a) Is the system causal?
(b) Is the system stable?
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Solution P2.30
(a) The system is causal. The response is determined by present and past inputs.

(b) The system is stable. The impulse response decays to zero with increasing time and it is time
limited.
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