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Problems

(Operators) Which of the following describe linear operators?
(@) Of} =4{} ®O{}=4{}+3 ©Of} =al!

(System Classification) In each of the systems below, x[n] is the input and y[n] is the
output. Check each system for linearity, shift invariance, memory, and causality.

(a) y[n] — yln — 1] = x[n] (b) y[n] + y[n + 1] = nx[n]

(©) yln] — yln + 1] = x[n + 2] (d) y[rn + 2] — y[n + 1] = x[n]

() y[n + 1] — x[n]y[n] = nx[n + 2] (f) y[n] + yln — 3] = x*[n] + x[n + 6]
(g) y[n] — 2"y[n] = x[n] (h) y[n] = x[n] +x[n — 1] +x[n — 2]

(System Classification) Classify the following systems in terms of their linearity, time
invariance, memory, causality, and stability.

(a) y[n] = 3"x[n] (b) y[n] = e/"" x[n]
(c) y[n] = cos(0.5nm)x[n] (d) y[n] = [1 4+ cos(0.5nm)]x[n]
(e) y[n] = & () y[n] = x[n] + cos[0.5(n + 1)x]

(System Classification) Classify the following systems in terms of their linearity, time
invariance, memory, causality, and stability.

(a) y[n]=x[n/3] (zero interpolation)

(b) y[n] = cos(nm)x[n] (modulation)

(¢) y[n] =[1+cos(nm)]x[n] (modulation)

(d) y[n] =cos(nmx[n]) (frequency modulation)

(&) y[n] =cos(nm + x[n]) (phase modulation)

() y[n] =x[n]—x[n—1] (differencing operation)

(g) v[n] =0.5x[n] +0.5x[n — 1] (averaging operation)

(h) y[n] = # i\:ol x[n —k] (moving average)

(i) yln]l —ayln — 1] =ax[n], 0 <a <1 (exponential averaging)
@ yln] =04(y[n — 1]+ 2) + x[n]

(Classification) Classify each system in terms of its linearity, time invariance, memory,
causality, and stability.

(a) the time-reversing system y[n] = x[—n]

(b) the decimating system y[n] = x[2n]

(¢) the zero-interpolating system y[n] = x[n/2]

(d) the sign-inversion system y[n] = sgn{x[n]}

(e) the rectifying system y[n] = |x[n]|

(Classification) Classify each system in terms of its linearity, time invariance, causality,
and stability.

(a) y[n] = round{x[n]}
() y[n] = x[n] sgn(n)

(b) y[n] = median{x[n + 1], x[n], x[n — 1]}
(d) y[n] = x[n]sgn{x[n]}

(Realization) Find the difference equation for each system realization shown in
Figure P3.7.
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3.13. (Zero-State Response) Find the zero-state response of the following systems
(a) y[n] — 1.1y[n — 11+ 0.3y[n — 2] = 2u[n] |
(b) y[n]+0.7y[n — 1] 4+ 0.1y[n — 2] = (0.5)"
| (¢) y[n] —0.9y[n — 11+ 0.2y[n — 2] = (0.5)"
(d) y[n]— 0.25y[n — 2] = cos(nm/2)
| [Hints jmd Suggestions: Zero-state implies y[—1] = y[—2] = 0. For part (b), use yr[n] =
C(0.5)", but for part (c), pick yr[n] = Cn(0.5)" because one root of the ;:harajéie:ist;;

equation is 0.5.]
FIGURE P.3.7 Filter realizations for Problem 3.7
o 3.14. (Syst‘em Response) Let y[n] —0.5y[n — 1] = x[n], with y[—1] = —1. Find the response
[Hints and Suggestions: Compare with the generic first-order and second-order realizations of this system due to the following inputs for n > 0. '
to get the difference equations.] ' (3) x[n] = 2uln] (b) x[n] = (0.25)"uln] () x[n] = n(0.25)"uln]
3.8. (Response by Recursion) Use recursion to find the response y[n] of the following systems . (H)ixt[:] =(0.5) “[}_ﬂ © x[n] =n©5uln] (O xln] = (0.5)" cos(0.5nm)uln)
for the first few values of n and discern the general form for y[nl. - [Hits anid Soggestions: For pirt (¢), pick 75 [#] = (C.+ DA)(0.5)" (and compare cosfl-

@) yln] — ayln — 1] =8[n] y[—11= 0 (b)yln]—ayln—11=ulnlyl-1l= 1 fﬁi‘lﬁiﬂ?ﬁiﬁ?ﬁ:ﬁéﬁiﬂ solve for C and D). For part (d), pick yr[n] = Cn(0.5)" because
(©) yinl —ayln — 1 =uln) yl=11=1 () y[n) — ayln — 1] =nuln] y[=11=0 the same reason] stic equation is 0.5. Part(e) requires yr[n] = n(C + Dn)(0.5)" for

[Hints and Suggestions: For parts (b) through (d), you may need to use a table of summa- Gie o
tions to simplify the results for the general form.] v Ehgi_:i;:: Besp.onse) FO&‘ the system realization shown in Figure P3.15, find the response to
: wing inputs and initial conditions. ’

3.9. (Response by Recursion) Let y[n] + 4yln—11+ 3y[n—2] = uln — 2] with y[— 11 = SRt itions

0, y[-2]=1.Use recursion to compute y[n]upton = 4. Can you discern a general form ' (© 1[a] = (05[] y{—}} = g ®) x[n] = uln] 1] =4

e == (d) x[n] = (0.5)"u S

for y[n]? () x[n] = (—0.5)"u[n] [n]  y[-11=6

3.10. (Forced Response) Find the forced response of the following systems. t zlGURE P.3.15 ) x[n] = (=0.5)"u[n] y[—-1]= -2
_ n ystem realization yIn]

(a) y[n] — 0.4yl — 11 =3uln] (b) yin] — 0.4y[n — 11 = 05 for Problem 3,15

(c) ylnl +0.4yln — 11 = (0.5)" (d) yln] — 0.5y[n —11= cos(nm/2)

[Hints and Suggestions: For part (a), 3uln] =3, n = 0 and implies that the forced

response (Or its shifted version) is constant. So, choose yrlnl = C = ypln — 11 For - .

part (c), pick yrln]l = A cos(0.5n7) + B sin(0.517), expand terms like cos[O.S.(n — D] [Hints and Suggestions: For part (e), pick the forced response as yr[n] = Cn(—0.5)".]

g v R i?ienﬁtties, algd t?;,rmlf zrrfdﬂ;? ]Coefﬁaems e e sin(0.5n7) 3.16. (System Response) Find the response of the following systems.

s ; .

to generate two equa ons to solve ‘ (@ yin] — 0dyln — 1] = 2(0.5)"_]::‘{” o o
3.11. (Zero-State Response) Find the zero-state response of the following systems. (b) y[n] — 04y[n — 1] = (O.4)uln] + 2(0.5)"'uln — 1] e

(@) yln] — 0.5y[n — 11 = 2uln] (b) yln] = 0.4yl —11= (0‘5)”“[’;] (© y[n] = 0.4y[n — 11 = n(0.5)"uln] +2(0.5)" 'uln — 1] y[-1]=2.5

= n — ~11= Hi tongs . :
(©) yln) = 0:dyln — 1] = O47ulr] (@ yln) = 0.5yln — 1] = cos(n/2) [Hints and Suggestions: Start with y[x] — 0.4y[n — 1] = 2(0.5)", y[—1] = 0 and find its

[Hints and Suggestions: Here, zero-state implies y[—1] = 0. Part (c) requires yrlnl = ?gfz)-jtat; resz:n{()él)se. Then use superposition and time invariance as required. For the input
0.4)" because the root of the characteristic e uation is 0.4.] A)" of part (b), assume ygp[n] = Cn(0.4)". For the i e
Cn(0.4)" becaus q yrln] = (A + Bn)(0.5)"] e input #(0.5)" of part (c), assume

3.12. (Zero-State Response) Consider the system y[n] — 0.5yln—11= x[n]. Find its zero-state . ‘
* 3.17. (System Response) Find the impulse response of the following filters.

response to the following inputs. (a) y[n] [n]
= b = (0.5"u[n] () x[nl= cos(0.5nm)uln) 8l =] e
(a) x[n] = ulnl (b) x[n] = ( (b) y[n] = 0.5x[n] + 0.5x[n — 1]  (averaging operation)

(@) x[n] = (=D)"uln] (@) x[n] = j"uln] () x[nl = (V) "ulnl + (V) "ulnl : s
[Hints and Suggestions: For part (¢), pick the forced response as yeln] = C(J ) This (© ylnl=L YN ' x[n—k, N =3 (moving average)
will give a complex response because the input is complex. For part (f), x[n} simplifies to | @) ylnl = 5 NZ""I) Zi\;—o N Bkl W= (el S erage)

a sinusoid by using j = ¢i™/2 and Euler’s relation. ] " P s N s (i e
’ e ging

N+1
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3.18. (System Response) It is known that the response of the system yln] +ayln — 1] = x[n), (
o 0, is given by yln] = [5 +3(0.5)"Juln) (;‘3 J{’llniz;*y_[r; — 1]+ 3yln — 2] = uln]
(a) Identify the natural response and forced response. ' © y[n] +'4Z [n}i [?il] = (0.5)" cos(0.5nm)u[n]
(b) Identify the values of @ and y[—1]. @10+ 2;1}2} [i]+_3y[n - 2] = cos(nm)uln]
(¢) Identify the zero-input response and zero-state response. | (Epe ])’ L= n(2)"uln]
() 1dentify the input x[]. . {{1 :_F i yin) = (buln]
Sz +0.25z7 ==
3.19. {Systen.l Response) Itis known that the response of the system y[n]+0.5yln —11= x[n] - [Hints and Sllggestionzs- llz IFr;]art (:;S((_]'i””)“[”]
18 descrlb‘.acl by y(n] : [5(0.5)" +3(=05) )ulnl. expand terms like cos[0.5(n — 1)7] ;E:sg Jgg[z,]l;gg)z[f CP?(O‘SRR) + B sin(0.5n7)],
(a) Idenufy the zero.—lnput response and zero-state response. . ficients of cos( Snzr) and sin(0 5um) to penerate ¢ identities, and compare the coef-
(b) Whatisthe Zero-input response of the system y[n] + 0.5y[n—1] =x[nlify[—1]1 = 10?7 part (d), pick y[n] = (C + Dn)(2)" and o equations to solve for A and B. For
(¢) What is the response of the relaxed system y[n] +0.5y[n — 1]=x[n-217 : 3.24. (System Response) Foreachsyst compare like powers of # to solve for C and D.]
: ] - 9 $ :
(d) What is the response of the relaxed system yln] + 0.5y[n — 1] x[n—114+2x [n]? Azt 1] =, y[_zj\;s= eliﬂ, evaluate the zero-state, zero-input, and total response.
3.20. (System Response) It is known that the response of the system y[n] +ayln — 1] = x[n] (a) ’
) : . y[n] +4yln — 1] +4y[n —2]=2"
described b = (5 +2n)(0.5)"uln]. : : y 1 =2"u[n] b) {z2 _n
is described by y[n] = (5 + n)(0.5)"uln] ity il Saggestiomse Kt ), o T % (b) {27 + 42 + 4)y[n] = 2"uln]
(a) Identlt:y the zero-{nput response and zero-state response. . VaRLance ] 4 dyb = A1+ 49l — 2 f_ﬂ 5 n]_-zl- 4y[n + 1] +4y[n] = (2)"u[n]. By time in-
(b) %l}?at is the zero-input response of the system y[n] + ayln =11 = x[n]if y[—1] = of part (a) by two units (n —> 3: _2) anE f(ail)d o I:IEH —-2] a'nd we shift the zero-state response
: e zero-input response to get the result
(¢) What is the response of the relaxed system y[n] + ayln — 11 =x[n - 11? 3.25. (System RféSponse) For each system, set up a difference equation and co !
(d) What is the response of the relaxed system y[n] + oy n—1]=2xn—11+ x[n]? state, zero-input, and total response, assuming x[n] = u[n] and y[—1] = mp;te the zero-
(¢) What is the complete response of the system y[n] +ayln — 1] = x[n] + 2x[n — 1] if @ {1 —z7' — 2z %) y[n] = x[n] ®) (22 — 2 — 2}yln] J , ]— J=2 =%
—11=47? - 3 RS nj=xn
y[—1] =47 © {1 - 3z7" + {2 2)yln] = x[n] @ {13z 4 12 -
© {1 — 0.25z-2)y[n] = x[nl R 327+ g2 % yin] = (1 + 27 Yx[n]
(® {22 — 0.25}y[n] = {22% + 1}x[n]

3.21. (System Response) Find the response of the following systems. |

(@) y[nl+0.1yln — 1}-03y[n -2} = 2uln] y[-1=0 y[-2]1=0
®) ylnl—0.9yln — 114 0.2y[n —2]1= (0.5)" yl-11=1 y[-2] = —4

Hint ions:

Ehe anss 2;1?&?t;gg[istm;]s;For[pz]lrtF(b}, use the result of part (a) and time-invariance to get
- ‘ s — Yziln]. For part (d), use the result of

(© ylnl+0.7yln — 114 0.1y[n —21 = 0.5)" y[-11=0 y[-21=3 bl N i e Similapfg g?t;?nigtfizc o]
© i+ 00~ 1+ (0‘4): o T2=3 3.26. (Impulse Response by Recursion) Find the impulse re m'paﬂ o
(e) yln]—0.25y[n — 2] = (0.5) y[-11=0 y[-21=0 n = 4 for each of the following systems LA

[Hints and Suggestions: For parts (b) and (e), pick y rlnl = Cn(0.5)" because one root of (@) yln] — y[n — 1] = 2x[n] o)
the characteristic equation is 0.5.] ' (e) y[n] —2y[n—=3]=x[n —1] (d) i{:} : i)[iin _1]1 ]-i-+66%’ [n _22] =x[n—1]
T n— = .
Nt 3] y ]=nx[n—1]

3.22. (System Response) Sketch a realization for each system, assuming zero initial conditions. l
Then evaluate the complete response from the information given. Check your answer by |

. I QO mpﬂlse responsc, Xin ]., n 0 alld )

(a) yln] —0.4yln — 1] = x[n] x[n] = (0.5)"uln] y[-11=0 cursive) and causal or non . iy

(b) yinl— 0.4y[n — 1] = 2x[a] + x[n—11 x[n] = (0.5)"uln] y[—11= 0 e ] o lc]aisals and find an expression for its impulse response h[n].
© yin] — 0dyln —11=2x[n] +xln -1 xlnl = ©5yuin]  y-11=3 (b) i) = xln 4 1] + x[r] + x[n -2

@ yinl+05yln — N =xln] —zln =11 xlnl= ©3yuin]  y[=11=2 © ¥l + 2yl — 1] = x[r] #lw=1

() yln]+0.5y[n — 1] =x[n] —xln = 1] 2] = (~0.5yuln)  y[-11=0 : ) yln] + 2y[n — 1] = x[n — 1]

(e) y[n] +2y[n — 1] = 2x[n] + 6x[n — 1]
@ ylnl +2yln — 1] =x[n + 1] +4x[n] +6x[n — 1]
3.23. (System Response) For each system, evaluate the natural, forced, and total response. As- (ﬁ) {I;_ 4271 + 327 2)y[n] = (z7*)x[n]
sume that y[—1] = 0, y[—2] = 1. Check your answer for the total response by computing i (h) {32 +4z + 4}yln] = {z + 3}x[n]
(i) {z* + 4z + 8}y[n] = x[n]

its first few values by recursion. ;
() y[nl+4y[n — 1] + 4y[n — 2] = x[n] — x[n + 2]

[Hints and Suggestions: For parts (b) through (c), use the results of part (a) plus linearity
(superposition) and time invariance.]
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[Hints and Suggestions: To find the impulse response for the recursive filters, assume
y[0] =1 and (if required) y[-11 = y[-2] = = 0. If the right-hand side of the
recursive filter equation is anything but x[n], start with the single input x[n] and then use
superposition and time-invariance to get the result for the required input. The results for (d)
through (f) can be found from the results of (c) in this way.]

3.28. (Stability) Investigate the causality and stability of the following right-sided systems.

(a) y[n] = x[n — 1] +x[nl +xn+1]

(b) y[n] = x[n] +x[n — 11+ x[n —2]

(© y[n] = 2yln — 1] = x[n]

(d) yln] —0.2y[n — 11 = x[n] — 2x[n +2]

(e) yln] + yln — 11+ 0-5y[n — 2] = x[n]

® y[n] —yln —11+yln = 2] = x[n] —x[n + 1]

(@) ylnl —2yln— 11 +ylr =21 = x[n] — x[n — 3]

(h) y[n] — 3yln — 1142yl = 2] =2x[n+3]

[Hints and Suggestions: Remember that FIR filters are always stable and for right-sided
systems, every root of the caracteristic equation must have a magnitude (absolute value)

less than 1.]

3.29. (System Interconnections) Two systems are said to be in cascade if the output of the first

system acts as the input to the second. Find the response of the following cascaded systems
if the input is a unit step and the systems are described as follows. In which instances
does the response differ when the order of cascading is reversed? Can you use this result
to justify that the order in which the systems are cascaded does not matter in finding the
overall response if both systems are LTI?
(a) System 1: y[n] = x[n] — x[n—1]
(b) System 1: y[n] = 0.5y[n — 11 + x[n]
(c) System 1: yln]l = x2[n)

(d) System 1: ylnl= 0.5yn— 11+ x[n]

System 2: y[n] = 0.5y[n — 1] + x[n]
System 2: y[n] = x[n] — x[n—1]
System 2: y[n] = 0.5y[n — 1] + x[n]
System 2: y[n] = x2[n]

3.30. (Systems in Cascade and Parallel) Consider the realization of Figure P3.30.

P.3.30
realization
plem 3.30

. yinl

(a) Find its impulse response ifa # B.Isthe overall system FIR or IR?

(b) Find its difference equation and impulse response if & = B. Is the overall system FIR
or IIR?

(¢) Find its difference equation and impulse response ifa =8
of the overall system?

— 1. What is the function
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3.31. (Diff i
(Difference Equations from Impulse Response) Find the difference equations describing

the following systems.

@ i) =3 + 2500~ (b) hin] = 2, 3, —1)
:::int[:] =d(;l3)”u[r.1] (d) h[n] = (0.5)"u[n] — (—0.5)"u[n]
and Suggestions: For part (c), the left-hand side of the difference equation is y[n] —

0.3y[n — 1]. So, h[n] — 0.3h[n — 1] simpli
. So, : — 1] simplified to get i i i
For part (d), start with the left-hand side as y[n] —g O.;?J?;:Sisé]%;ds eRpEas

3.32. (Di i
(Difference Equations from Impulse Response) A system is described by the impulse

response i[n] = (—1)"u[n]. Find the difference equation of this system. Then find the

difference equation of the in
verse system. Does the i i
s g O T pe};f iy s the inverse system describe an FIR filter or

3.33. (Di i
(Difference Equations) For the filter realization shown in Figure P3.33, find the difference

FIGURE P.3.33 Filter
realization for
Problem 3.33

equation relating y[n] and x[n] if the impulse response of the filter is given by

(a) h[n] = é[n] —8[n —1] (b) h[n] = 0.58[n] + 0.58[n — 1]

Filter yn]

=
—

=
el

3.34. (Di i i i
(Difference Equations from Differential Equations) This problem assumes some famil

iarity with analog theory. Consider an analog system described by

y'(t) + 3y (1) + 2y(t) = 2u(t)
(a) Confirm that this describes a stable analog system.

(b) Convert this to a differen i ;
- ce equation using th .
the stability of the resulting digital e g the backward Euler algorithm and check

q n us

3.35. (Inv i
(Inverse Systems) Are the following systems invertible? If not, explain why; if invertible

find the inverse system.

(@) y[n] = x[n] — x[n — 1] (differencin i

_ g operation)
((2; i {:i = é(sx [n]+ x[n — 1]+ x[n—2]) (moving average operation)
@ Ml = a;} [«; [i] 14]' 1; [?E 1_—133;; &?x [8 —2] (weighted moving average operation)
(e) y[n]l = cos(nm)x[n] (mOdulati’on) <a <1 (exponential averaging operation)
® yln] = cos(x[n])
(g yln]l=e™

[Hints and Suggestions: The i i
! 2 nverse system is found by switching i
rearranging. Only one of these systems is not in\.fem'l:)le.]y A i
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3.36. (An Echo System and Its Inverse) An echo system is described by
y[n] = x[n] + 0.5x[n — N1

Assume that the echo arrives after 1 ms and the sampling rate is 2 kHz.

(a) What is the value of N? Sketch a realization of this echo system.

(b) What is the impulse response and step response of this echo system?

(¢) Find the difference equation of the inverse system. Then,
its impulse response and step response.

3.37. (Reverb) A reverb filter is described by yln
echoes arrive every millisecond and the sampling rate is 2 kHz.
(a) What is the value of N? Sketch a realization of this reverb filter.
(b) What is the impulse response and step response of this reverb filter?
(¢) Find the difference equation of the inverse system.
its impulse response and step response.

3.38. (Periodic Signal Generators) Find the difference equation of a filter whose impulse re-
4
1, 2, 3, 4,6, 7, 8} Sketch a

sponse is a periodic sequence with first period x[n] = {
realization for this filter.

3.39. (Recursive and IIR Filters) The terms recursive and [IR are not always Synonymous.
A recursive filter could in fact have a finite impulse response. Use recursion to find the
the impulse response h[n] for each of the following recursive filters. Which filters (if any)

describe IIR filters?

(@) yln]—yln— 1]1=x[n]— x[n — 2]
(b) y[n]—yln— 1]1=x[n]l— x[n—1]1- 2x[n — 2] + 2x[n — 3]

3.40. (Recursive Forms of FIR Filters) AnFIR filter may always be recast in recursive form by
the simple expedient of including identical factors on the left-hand and right-hand side of its
difference equation in operational form. For example, the filter y[n]l = (1- 7z~ Yx[n]is FIR,

hylnl=(1+2" 1y(1 —z~")x[n] has the difference equation

y[n]+yln — 1]1=x[n]—x[n— 2] and can be implemented recursively. Find two different

but the identical filter (1+z"

recursive difference equations (with different orders) for each of the following filters.

(@) yln] = x[n] — x[n = 2] ®) kil = (1. 2 1)

3.41. (Nonrecursive Forms of IIR Filters) An FIR filter may always be represented exactly in
‘an also approximate an IIR filter as an FIR filter by truncating its

recursive form, but we ¢

impulse response to N terms. The larger the truncation index N, the better is the approxi-

x[n]. Find its impulse
response h{n] and truncate it to three terms to obtain h3[n], the impulse response of the
approximate FIR equivalent. Would you expect the greatest mismatch in the response of
the two filters to identical inputs to occur for lower or higher values of n? Compare the step

mation. Consider the IIR filter described by y[n] — 0.8yl — 1] =

response of the two filters up to n = 6 t0 justify your expectations.

3.42. (Nonlinear Systems) One way to solve nonlinear difference equations is by recursion.
0.5y2[n — 11 = 0.5Aulnl.

Consider the nonlinear difference equation y[n]y[n — 1] =

(a) What makes this system nonlinear?
(b) Using y[—1]= 2, recursively obtain y[0], y[1], and y[2].

sketch its realization and find

1 = x[n] + 0.25y[n — N]. Assume that the

Then, sketch its realization and find
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(¢) Use A=2,A=4and A ;
i =i = 9 in the res ;
finds the square root of A. eresults of part. () 10 confim. diat this system

(d) Repeat parts (b) and (c) wi
o P with y[—1] = 1 ; )
Condifion atiecs syseim cperalton: ] to check whether the choice of the initial

3.43. G
%'lg iigf:;ti:;d Stﬂbl_lltg) Argue that neither of the following describes an LTI system
) ou might i i : : .
s ¥ ight check for their stability and determine which of the systems
(a — =
) y[nl + 2y[n — 11 = x[n] + x*[n] (b) y[n] — 0.5y[n — 1] = nx[n] + x2[n]

3.44. (Res
iauSapj(:)1:s:ogzafsa;;ssaistznddNontzusal Systems) A difference equation may describe a
m depending on how the initial iti i s
a first-order system governed by y[n] + ay[n — l]l=1 x{[:;??dmons P S
(a) With y[n] = 0,n < 0, this describes a causal system. Assume y[—1] = 0 and find

the first few terms :
: s y[0], y[1], ... of the impulse re .
recursion, and establish the general form forI;,[n]e sponse and step response, using

b) With =
(b) With y[n] = 0,n > 0, we have a noncausal system. Assume y[0] = O and rewrite

the differe i

yl0], y[— ln]cey?q—éa;twn a(ffjiit ;nl] I t-olal-+inll/e tofind e fust fow temms
) o ulse re : .

and establish the general form for EJ)JIn]. spmse;and slep TosRonse; BRIOE EROUERION,

3.45. (Time Reversal) For each si
—— g ch signal x[n], sketch g[k] = x[3—k] versus k and h[k] = x[2+k]

I
@ x[n] = (1, 2. 3, 4) by xinl =3, 3,3, 2 2,2
H. ts - - 1 1
[Hints and Suggestions: Note that g[k] and A[k] will be plotted against the index £.]

3.46. (Closed-Form Convolution) Find the convolution y[n] = x[n] * h[n] for the following:
(a) x[n] = u[n] hin] = u[n] S
(b) x[n] = (0.8)"u[n]  hln] = (0.4)"u[n]
(c) x[n] = (0.5)"u[n] h[n] = (0.5){uln + 3] — u[n — 41}

(d) x[n] = «"uln] hin] = "
(e) x[n] = a"u[n] hln] = ;"ﬁ:%
() x|n] = «"uln] h[n] = rect(n/2N)

I: U out berore e aluaung t em usnlg tables. ror (a)s( )! ( ) an (e) summations "lll

be from k = 0 to k = n. For
. For part (c) and (f), iti
o ek o equals(,?+uf‘_3] superposition. For (a) and (d), the sum

3.47. (Convolution with I i i
Ry ith Impulses) Find the convolution y[n] = x[n] * h[n] of the following
(a) x[n] = 8[n — 1] hln]=48n—1
(b) x[n] = cos(0.25n7) h(n] = 8[:] — g[n — 1]
(¢) x[n] = cos(0.25nm) h[n] = 8[n] — 28[n — 1] + 8[n — 2]

:;1{) x[n] = (—1)" hln] = é[n] + é[n — 1]
ints and Suggestions: Start wi
o with 8[n]*g[n]=g[n] and use linearity and time




#—
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3.48. (Convolution) Find the convolution y[n] = x[n] * h[n] for each pair of signals.

(a) x[n] = (0.4) "uln] h[n] = (0.5)""uln] .
(b) x[n] = o "uln] hin] = p~"uln] '
(¢) x[n] = «"u[—n] h(n] = B"ul—n]

(d) x[n] = a"u[—n] h{n] = B "ul—n]

[Hints and Suggestions: For parts (a) and (b) write the exponentials in the form r”

parts (c) and (d) find the convolution of x[—7] and h[—n] and flip the result to get y[n].] | 3.53. (Application) Consider a 2-point averaging filter whos
of the present and previous input. e present output equals the average

- - i U
3.52 (Properpes) Let x[n] = h[n] = {2, 6, 0, 4}. Compute the following:
(a) y[n] = x[2n] * h[2n] -
((l;; 223 g[{n]] i x[[n;’ 2] % h[n /2], assuming zero interpolation
pln] = x[n/2] % h[n], assumi i i ‘
N o ng §tep 1qterp01at1c.m where necessary.
/2], assuming linear interpolation where necessary.

3.49. (Convolution of Finite Sequences) Find the convolution y[n] = x[n] * h[n] for each of

the following signal pairs. Use a marker to indicate the origin n = 0. (a) Set up a difference equation for this syst
em.

(b) What is the impulse response of this system?

y y
(a) x[n] = {1,2,0, 1} hin] = {2,2,3) (¢) Whatis th
4 ok ! c at is the response of this system to the s i
(b) x[n) = (0,2, 4.6} hn) = (64,20} (d) Use convolution to show that the system er;lllence 2 3-, Sl : ;
@ epil =301 b= (4,3,2) 3 e pRrtridiswerired avempiug opendion.
o 50, o .' .54, (Step Response) Given the impulse response h[n], find the ste
@ x[n] =13.2.1,1,2} hin] = {4,2.3,2} system. ’ p response s[r] of each
1 1 | = n
© 211 = 3.0,2,0.1.0.1, 0.2} inl=14.0.2,0.3.0.2 it = Egg;;;g;]( y (b) hln] = (0.5)" cos(nm)uln]
= (0. nx +0.57 s n
@ x[n] = {0,0,0,3. 1, 2) hinl = 4,2,3,2} (©) h[n] = n(0.5)"u[n] Juln] ((‘ii')) z%:} = (0.(;5?5 fos(nn + 0.25m)uln]
[Hints and Suggestions: Since the starting index of the convolution equals the sum of the [Hints and Suggestions: Note that B =n(0.5)" cos(mm)uln]
starting indices of the sequences convolved, ignore markers during convolution and assign : i notetatcoslam)= (~1F. In SaE:] oy x[n] * h[n] where x[n] = u[n]. In part (b) and
as the last step.] sarts (5).] . In part (d) expand cos(nm + 0.257) and use the results of
3.50. (Convolution of Symmetric Sequences) The convolution of sequences thatare symmetric ! 3.55. (Convolution and S )
about their midpoint is also endowed with symmetry (about its midpoint). Compute y[n] = (@) Whatis th n ystem Response) Consider the system y[r] —0.5y[n — 1] = x[n].
x[n] % h{n] for each pair of signals and use the results to establish the type of symmetry (b Fing .:b the impulse response /(] of this system?
(about the midpoint) in the convolution if the convolved signals are both even symmetric © Find :tg ;’“tputt ‘llfx[n] = (0.5)"u[n] by convolution.
i : % v " . % utpul — n
(about their midpoint), both odd symmetric (about their midpoint), or one of each type. () Bisidits Dugut :fi %:i _ Egg;":g} :Ej y{— }] = 0by solv?ng the difference equation.
E:g xgg = {{':22. ;, 2 }; EH = % }, (]J,} 1} (e) Are any of the outputs identical? Shouldymcy]b;?zliz)l;lizilvmg e eI
X —= = & =, .
B 1 i [Hints and To—
(¢) x[n] = {2, 2} hln] = {1, 1} '. sponse ?H Suggestions: For part (¢), remember that convolution finds the zero-state re-
@) x[n] = (2, 0, 2} hln] = {1, 0, -1} ' s
((2 ﬂr;]] - g (22-}—2} i%:]] = E - H ' 3.56. (Convolution and Interpolation) Let x[n] = {% 4,6, 8)
(@) xln] = 2. 1,2 ninl = (1, 0, —1) g;'; Eing ttl;le convolution y[n] = x[n] * x[n]. S
h =12.1,2 e | nd the convolution y[n] = x[2 ]
((i; ﬂﬂ = iz 2) ! hgg = %1 -1% Explain. 1 x[2n] * x[2n]. Is yi[n] related to y[n]? Should it be?
E ’ ' (¢) Find the convolution y;[n] = x[n/2 . .
| ; | | colatsilth 3] Should it be Ex[;l/a i1]1 % x[n/2], assuming zero interpolation. Is y»[n]
3.51. (Properties) Let x[nl = hinl = 3.4 2, 1}. Compute the following: (d) Find the convolution y;[n] = x[n/Q].* x[/2], assuroi - _
(a) y[H] - I[FI] * h[n] (b) g[nl . x[-_n] % h[_ﬂ] ] related to y[ﬁ]? Should it be? Explain 5 dSi ng Step lnterp()la[l(]ﬂ. Is yB[H]
(©) pln] = x[n]* h{-n] (d) fln) = x[—n] *h(n] (e) Find the convolution ys[n] = x[n/2 . T -
(@) rin] = x[n — 11 hin + 1] ) sin] = x[n — 11 % hin + 4] related to y[n]? Should it be? EE{p{ai]nf x[n/2], assuming linear interpolation. Is y4[n]
[Hints and Suggestions: The results for (b) and (d) can be found by flipping the 1€ 3.57. (LinearT . .
sults for (a) and (c) respectively. The result for (f) can be found by shifting the result for N Oe:; w';?gtt’;;?;}ctiﬁziﬂer as:yStim th;it performs linear interpolation by a factor of
system (as shown) is to perform up-samplin
g by N (zero

(e) (time-invariance).] | | |
interpolation between signal samples) and pass the up-sampled signal through a filter with




