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Figure 3.17: Phase delay of the frequency response function of Example 3.21.

Likewise, the group delay can be determined in Merren using the M-file grpdelay. Several
are also available with this function. we illustrate its use inExample 3.22.

3.10 Summary
This chapter provided a short review of the continuous-time Fourier transform (CTFT)
of continuous-time signals and systems. The discrete-time Fourier transform (DTFT) and iis i4us oJoLvruo. ruv LuDL.reLs-LulrE r-uulr9l uall$lo[Il (l,lrI/ ano lts rnvgrse :u
introduced next along with a discussion of the convergence of the DTFT. Properties of the DTFT ar
reviewed and the unwrapping of the phase function to remove certain discontinuities in the DTFI i
discusse& The concept of the frequency response of a linear, time-invariant (LII) discrete-time syste
is then introduced followed by a careful examination of the difference between phase and group iela
associated with the frequency response.

3.11 Problems
3.1 Show that the absolute value of the CTF"I XoUA) defined in Eq. (3.1) is finite if .rae) is absolurely inte$fi[i:

3.2 Determine the CTFI of the following continuous-time functions defined for -oo < , < oo:
(a) yo!) : cos(Oor), (b) uoe) : s-ultl, @) uo(t) : siQot , @) pr(t): fE* 6U _ tT).

3.3 Determine the CTFT of the following continuous-time functions defined for -oo < , < oo:

CttAfrrK#s
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Figure 3.18: Group delay of the frequency response function of Example 3.21.

(a) ua$) : L, (b) rr(r) : {1, 'r'.2:,
[t, vt.+, (

(c) xo(t): I i, '1r'1 : f,', (d) yo (r) : lt - z1'1' vl ' +'' 
Io',' 

'1r'1r'!', \-//4\'' Io' vlz!2'

.. 3.4 The Gaussian density function, defined in Eq. (4.6), repeated below for convenience

(3.123)

i:it wnere o and p, are, respectively, ttre variance and the mean of the density function. A continuous-time filter with an

it,,'impulse response as grven by Eq. (3.123) with zero mean is called a Gaussian filter Show that the CTFI of ft(r) is
,*..i;1aro aGaussian function of Q.
?;''.
.i+- 3.5 The finite-energy function r,(r)

,.

3.6 Consider the CTFT pair

: sn(t) lrt is not absolutely summable. Show that its CTFI is given by

xouar : {i, l3l ,=,1,

;"-i:li: rl
(s: -
F::: r -

r.:.,=t
[. r:i.:'::',]

ai ;:

i.i::: ,:..

F.r-.::..

,;..:. .::.: .

i,., . .

lr', : .

|,ll:':r,

xo(r) S xo(ja).
Prove the following properties of the CTFT.

(a) Time-shiftingProperty z xo(t -rr) 5 XagQle-iah,
(b) Frequency-shifting Property: xa|)siaot !$ )f, 0(Q - ar)),
(c) Symmetry Property: Xr(r) 9ry Ztrxa( jS2),

(d) The Scaling Property: xa(at) 95 6x, (; *),
(e) Time Differentiation Property, 4!P 95 iOXr(iO).

: 3.7 Let X 
"Q 

A) denote the CTFT of a real-valued continuous-time function .ra (r) . Show that the magnitude spectrum

i , IXaUO)l is an even function of Q and the phase spectrum g(Q) : arg{X.(jC")} is an odd function of Q;

i 3.8 Show that the CTFT of the Hilbert transfouner defined by Eq. (i.4) is

rlnruo):{r,,' 313.
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3.19 Determine the DTFT of each of the following finiteJength sequences:

(a) yrrnl : {i, #;#; '' b) yzLnt: {l: 3*="1i"1' (c) ysrnl : 
{1,- 

#,
(d) y+tnl: {il 

* 1 - Inl, 
#",i,,l; 

,, 
@) yrtn): 

f"0,,t""/zr'r), #;Ii ,,

3.20 Show that the inverse DTFT of

X1eia1:
(l - ae-la1m' Icul < 1,

is given by

Fourier Tl

3.9 Letx(r) be areal-valuedinputsignalwithaCTFTX(jC") : XpeA)+X,UQ), whereXp(-lO) is theportionol
XUO) occupying the positive frequency range and X"QA) is the portion of XUQ) occupying the negative freqren"y
range. Let i(r) denote the output of an Hilbert transformer with an input x(r). Show that rhe CTFT f UO) of thl
complex-valued signal y(t) : x(t) + ji(t) is givenby yUO) : ZXpUA). Thus, the spectrum of y(r) occupies only
the positive frequency range.

3.10 Compute the total energy of the continuous-time signal of Eq. (3.4) with a : 0.5 and determine its
bandwidth.

3.11 Show that the DTFT of p.lnlis given by *1, + IE_* n6(o l2nk).

3.12 showthattheDTFTofthesequencexlnl:1, -oo <n < oo,isgivenbyx@i9: IE_* 2n5(a*2nk).

3.13DeterminetheDTFTofthetwo-sidedsequencey[n):olnl,p1<L.

3.14 InExample3.8,weshowedthattheinverseDTFI htplnloftheDTFT Hyp@ialshowninFigure3.5isgiven
byEq.(3.49).DeterrnineandplottheDTFTofs[n]:d[n]_Y,_oo<n<@,

3.15 Let X@il denote the DTFT of a real sequence x[n].
(a) Show that if "r [n] is even, then it can be computed from X (ei o) using xfnl : * ff x <ri 

r) cos o:n dot .

(b) show that if x[n] is odd, then it can be computed from x(ei@) using x[nl - * ff ,f"ir) sinosn do:.

3.16 Determine the DTFT of the causal sequence xln) - Aun sin(o4n * $)plnl, where A, a,, o)g, and @ are real,
and lal < 1. :,

3.17 Determine the DTFT of each of the following sequences:
(a)xr[n]:anp.fn-Lf, lal < 1, b)xzlnl:nunU.fnl, lcul < 1,

(d) xqlnl: nun p,ln * 2), lol . 1, (e) xs[n] : qn p,f-n - lf, lol >

3.18 Determine the DTFT of each of the following sequences:
(a)xalnl: Plnl-LLln-sf, (b)x6lnl:an (p.ln)- pln - 8l),lal < 1, (c)xr[n): (nt!)anp.lnl, lul <1.

(c) xz[n]: an p,ln *
1, (f) xeln): 

{f;]''

-N<n1jN,
otherwise,

xlnl- ffiunpln)'

11, lcul < 1,

, lnl<M,
otherwise.
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i @) xr@j') : | +zDf:ocosal, (d) x6@ia1

Problems

Evaluate the inverse DTFT of each of the following DTFTs:

163

i, , (a) xa@i'') : Dfl-* d(a, *Znk), b) x61el9 : tfj#2
-ae-J@

lcvl < I.(! - ue-ia12'

13.22 Deterrrine the inverse DTFT of each of the following DTFTs:

i:'' (a) Ha@J.d1: sin(4ar), (b) H61et'1: cos(4ar), (c) Hr(eta1 : sin(5ar), (d) Ha(eta): cos(Sar).

3.23 Determine the inverse DTFI of each of the following DTFTs:
,i,a 61 nlpi') : | * 2 cos co * 3 cos}to, (b) H21el'1: (3 .F 2 cos o * 4cos}o) cos(a/2)e-ia/2,
t i.i ttiiri'1 : j (3* 4coso *2cos2os)sinarl @) H4@io\ : j (4 *2costo +zcioizrilsn(co/21eia/2.

'3,1A Prove the following theorems of the discrete-time Fourier transform: (a) Linearity theorem, (b) Time-reversal

theorem, (c) Time-sffiing theorem, and (d) Frequency-sffiing theorem.

,3.25 Determine and plot the DTFT of the cascade of the LII discrete-time systems with t'rvo-sided impulse responses

lvenby hlfn) :6[n] - Yu, and, h2ln) : ry,respectively, where 0 < art < on < T.

:liiS l*t Xlgio; denote the DTFT of a real sequence x[n]. Express the inverse DTF t y[n] of Y @lro1 : X1eib1 n
lbrms of x[n].

,),t, -

'i;,n to x@il denote the DTFT of a real sequence xlnl. Define Y (eit't1 : \lxpi'/z) + x(-ri'l\\. Deter-

the inverse DTFT ylnlof Y@iot1.

:.3.28 Prove Eq. (3.26).

,,329 Prove Eq. (3.33).

i,3.30 the magnitude function lXleitoll of a discrete-time sequence x[n] is shown in Figure P3.1 for a portion of the

$hgular frequency axis. Sketch the magnitude function for the frequency ran5e -fi < a < n. What type of sequence

is rlnl?

4.6n

Figure P3.1

ll 3.31 Without computing the DTFT, determine which of the following sequences have real-valued DTFTs and which

",.- 
have imaginary-valued DTFTs:

" . (a).rrrnl: {6; ;#;il; '' (b)xztnt:[;',, #"fi#j "- ,} - I! 

'
:{

I 0, otherwise,
(c) x{nl: ry,t;?



3.32 Without computing the inverse DTFT, determine which of the following DTFTs have an inverse that is an
sequence and which have an inverse that is an odd sequence:

(a)Y1@i@1: {f'' z1 irf!;. G) y2@i,,1 : io), 0 < la.rl < rz, (c)y31eia7 : I i' . n < o-t-i o<ar<

3'33 Without computing the inverse DTFT, determine which of the DTFTs of Figure p3.2 has an inverse that is
even sequence and which has an inverse that is an odd sequence.

(a)

Figure P3.2

3.34 Let X@ial denote the DTFT of.a complex sequence x[n]. Derermine the DTFT y(eial of theylnl:x[n]@-r*[-n]interms of X@io:1, andshowthatitisaieal-valuedfunctionofco.

3.35 A,seqllence xlnl has a zero-phase DTFT X @i 
a1 as sketched in Figure p3.3. Sketch the DTFT of the

xfnls-i7rn/2.

164

3.36 Using Parseval's relation, evaluate the following integrals:

<q I{ (s=k;pda.

3.37 Let X (ei c\ denote the DTFT of the sequence:

xlnl: {1.2 2.9 - 4.2 2.4 - 3.2 _ 0.9

Evaluate the integral

Chapter 3: Discrete-Time Fourier Tran

@ t{ fi*",ar,;, (O ff t5fi*r,d.o,

4.4 4.2 - 0.9 3.9|, _3 < n

(b)

L,l*nn1",

ru{ei\ Hz@j9

without computing X (eJ (o1.



g.11. Problems

3Sg Let X@ia', denote the DTFT of a length-9 sequence x[n] given by

xfnl:{2 3 -1 0 -4 3 t Z 41,_2<n<6.

Evaluate the following functions of x(eial without computing the transform itself:

lay x(ei}), (b) x1giTr1, @) Ii, xlei@1d,,, (d) I:,lxpi,1l' or, (d I!,1*#l' or.

3.39 Repeat Problem 3.38 for the length-9 sequence

xln):{4 2 -l 5 -3 t -2 4 Z},_6<n<2.

1,40 (a) A measure of the time delay of a sequence "r[n] is usually given by its center of gravity, defined by

lf;:_*nxlnlt': 
rn-a-**D,l '

Express C, in terms of the DTFT X@ia1 of xftfl.
(b) Determile the center of gravity of the sequen ce xlnf : an p.lnf .

3,41 LetG!(eioldenotethediscrete-timeFouriertransformofthesequenceg{n)showninFigurep3.4(a). Express
the DTFTs of the remaining sequences in Figure P3.4 in terms of G11ii11. Do not evaluate G11ei11.
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that
@

\-/-

f,f 0l

3..12 Let -r [n] denote the
rc(

ra) f r'[n]:I
In:-lo \n

lc
(c) | {-r),rinl

3.43 Show thatthe8O7o

is, y[n] -

,,u) II

: 0.5 is 0.

nl@
ooI

)812:

hln

(,r

.508

x[n).

h[n)

Show that

)

I,ln)

srln)
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3.4 l-,et x[n)be a causal and absolutely summable real sequence with a DTFT X(eico1. If Xnpig and X;ro(
denote the real and imaginary parts of x (ei to1, show that they are related as

x6qeial: -* l"oxo1,i,l*t(|) a", (3.1

x,"(ei,): * I:_xi^1eiv1.- (?) dv ! x[0]. (3.r

The above equations are called the discrete Hilberr ffansform relations.

3'45 Show that the function ull - 3n, where z is a complex constant, is an eigenfunction of an LTI discrete-
system. Is u[n] : zn ltfrt) with z a complex constant also an eigenfunction of an LTI dir"."t"-time system?

3.46 Determine the expressio.S.for the frequency response of the LTI discrete-time system of Figure 2.35 in terms
the frequency r"rponr"i Hi@i.,\, | < i < 4, of the individual blocks.

3.47 Determine the expression for the frequency response of each of the LII discrete-time systems of Figure
(seeProblem2.64),intermsof thefrequencyresponses H;@lot1,1 < i'< 5, of theindividualblocks.

3.48 Determine the expression for the frequency response of the LTI discrete-time system of Figure p2.3 (see
lem 2.65).

1:19,f) Consider an Lil discrete-time system with a real and causal impulse response h[n] anda frequency re
H (et a1 . Show that hftl can be determined uniquely from rhe real part Hre@i a; of u Ql $ .

O) The real part of the frequency response of a real and causal LII discrete-time system is given by Hr"(ei a1
1 * 2 cos ar * 3 cos 2a * 4cos 3ar. Determine the impulse response hlnl of thesystern-

3.50 Iftheinputtoeachofthefollowingdiscrete-timesystemsisx[n]:cos(@on),determinethefrequencies
in their outputs:

(a) yolnl: sin(trn/3)xlnl, (b) yulnl : x3Lnf , (c) yrln) : x]3n). ,

351 Determine a closed-form expression for the frequency response H(eir,t1of the LTI discrete-time system
acteizedby an impulse response

hlnl:6[n]-a1ln-Rf, (3.1
where lcul < 1. What are the maximum and the minimum values of its magnitude response? How many peaks
dips of the magnitude response occur in the range O < o < 2r? what are the locations of the peaks and the d
Sketch the magnitude and the phase responses for R : 6.

352 Determine a closed-forrn expression for the frequency response Geial of an LTI discrete-time system with
imFulse response given by

rw:lt', 3.;ffi#-',
where lal < 1. what is the relation of G@i,,) b H(ei@!of Eq. (3.98)? scale rhe impulse response by multiplyiitwithasuitableconstantsothatthedcva1ueofthemagnituderesponseisunity.

3'53 A noncausal LTI FIR discrete-time system is characterized by an impulse response h[n) : a13ln - 2] + gzA[ni,11* az\Lnl * a46ln * 11. For what values of the impulse response ,u*pi", will iL frequency response H (eto) hu
a zero phase?

3'54 A causal LTI FIR discrete-time system is characteri zedby an impulse response hlnl : a16lnl * az6ln - ll,
"-l!t':-: ?l * a46ftt - 3l + a56ln - 41. For what values of the impulri r"rpon." samples will its frequency responsarrprvr w ru rrD rrsguEltuy I(,DpUul
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3.55 An FIR LTI discrete-time system is described by the difference equation

l'[n]: alxln*kl*azxln +f - 1l Ia2xfn+k-2]*alxln +,t-31,

q,here.r[,r] and x[n] denote, respectively, the output and the input sequences. Determine the expression.for its

frequenc)' response H (eJ') . For what values of the constant k will the system have a frequency response H (el @) that

is a real funcdon of ro?

3.56 Considerthecascadeof threecausalLllsystems: h1[n]: a3ful*b6[n-l)*6lrt-2];h2l{ - c" plnl, lcl < 1;

and hzLn) = dt1 plnl, ldl < 1 . Determine the frequency response H (eJ a1 of the overall system. For what values of
the constants a. b, c, and d will lH(eJo11 : 1t

3,57 The input-output relation of a nonlinear discrete-time system in the frequency domain is given by

y@i1 : lxleiolld riarlX(ei') , e.tz6)

where0 <ct < 1,and X(eir't1 andY(eial denotetheDTFTsof theinputandoutputsequences. Determinethe
expression for its frequency response H@la\ ' Y(eta)lX(eJa), and show that it has zero phase. The nonlinear

algorithm described by Eq. (3.126) is known as the alpha-rooting method and has been used in image enhancement

lJai89l.

3.58 Determine the expression for the frequency response H ki') of a causal IIR LTI discrete-time system charac-

teized by the input-output relation

yfn) - xlrtl - ayln - R), lal < 1,

where 1'[rr] and .r;[rr] denote, respectively, the output and the input sequences. Determine the maximum and the
minimum values of its magnitude response. How many peaks and dips of the magnitude response occur in the range
0 < a < 2tr? What are the locations of the peaks and the dips? Sketch the magnirude and the phase responses for
R :5.

3.59 An trR LII discrete-time system with input xlnl and output y[ru] is described by the difference equation

ylnl -l alylt - l) : boxlnl * bpln - Il,
where the constants al, bO, and b1 are real. Determine the expression for its frequency response. For what values of
the constants bi wilL the magnitude response be a constant for all values of ro?

3.60 Repeat Problem 3.59 when the constants a1, bg, and b1 are complex numbers.

3.61 Determine the difference equation representation of each of the LTI discrete-time with frequency responses as

given below:
(a) Hoktol - cosec(a-r), (b) H6@t@1: sec(al), (c) Hr(etol: cot(a1), (d) H1@ta7 :tan(c.o/2).

3.62 Determine the input-output relation of a factor-of- L up-sampler in the frequency domain.

3.63 Determine the inverse DTFT of G(ei') : tlQ - o"-iL'),lol < i, where L is a positive integer.

3.64 Consider an LII discrete-time system with an impulse response hlnl : (0.5)n p.[nl. Determine the frequency
response H@i9 of the system andevaluateits value at0) : Ln/5. Whatis the steady-stateoutputy[n] of the system
for an input xlrt): sin(rn/3)1.t[n)?

3.65 An FIR filter of length 3 is defined by a symmetric impulse response; that is, h[0] : hl2l. Let the input to
this filter be a sum of two cosine sequences of angular frequencies 0.3 rad/samples and 0.6 rad/samples, respectively.
Determine the impulse response coefficients so that the filter passes only the low-frequency component of the input.
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3.66 An FIR filter of length 3 is deflned by a symmenic impulse response; that is, ft[O] : h[2]. I*t the iryut
this filter be a sum of two cosine sequences of angular frequencies 0.3 rad/samples and 0.6 rad/samples, respective
Determine the impulse response coefficients so that the filter passes only the high-frequency component of the i

3.67 Determine the output response ylnl of an LTI discrete-time system with an impulse response

for an input

sin ((n - Dt)hlnf:
(n - Z)tt i

xtnt-ssin(ff)*5cos (T)
3.68 An FIR filter of length 5 is defined by a symmetric impulse response; that is, hlnl : h[4 - nl, O < n < 4. Let thi
input to this filter be a sum of three cosine sequences of angular frequencies: 0.2 rad/samples, 0.5 rad/samples, and
rad/samples, respectively. Determine the impulse response coefficients so that the fllter passes only the midfreque
component of the input.

3.69 The frequency responserH(sla) of a length-4 FIR filter with real impulse response has the following
values: H@i\:2, H(eir/'):7 -j3, and H(ein1:0.Determineitiimpulseresponseh[z].

3.70 The frequency response H @J \ of a length-4 HIR filter with a real and antisymmetric impulse response has
followingspecificvalues: H@ltr1:8, and H(eit/21--2+j2.Determineitsimpulseresponseftlnl.

3.72 (a) Design a length-4 FIR lowpass filter with a symmetric imFulse response hfnl; that is, hfnl : hf3 - n), 0
n < 3, satisfying the following magnitude response values: lHpio'znrt: 0.8 and lHpio-strrr: 0.5.

3.71 (a)Designalength-3 FlRnotchfilterwithasymmetricimpulseresponselz[n]; thatis, hfnl : hl2-n),0 < n <
and with a notch frequency at0.4r and a 0 dB dc gain.

@) Deterrnine the exact expression for the frequency response of the fllter designed, and plot its magnitude
phase responses.

O) Deterrdne the exact expression for the frequency response of the filter designed, and plot its magnitude
phase responses.

(b) Determine the exact expression for the frequency response of the filter designed, and plot its magnitude
phase responses,

(b) Determine the exact expression for the frequency response of the filter designed, and plot its magnitude
phase responses.

3.75 consider the two LTr causal digital filters with impulse responses given by

hslnl : 0.36[n] - 6[n - 1] * 0.36[z - 2],

h slnl : O.3dlnl * 6ln - l) * 0.361n - 21.

(a) Sketch the magnitude responses of the two filters and compare their characteristics.

3.73 (a) Design a length-4 EIR highpass filter with an antisymmetric impulse response h[n); thatis, hln] : -hl3rl,0 < n <3, satisfyingthefollowingmagnituderesponsevalues: lnpio.snrr:0.2andlHpiu.ttrrr:0.7.

3.74 (a) Design a length-5 FIR bandpass filter with an antisymmetric impulse response hln); thatis, hln) : -,hL4
nf,0<n=4,satisfyingthefollowingmagnituderesponsevalues: lltpio.+"rt:0.8andlHpio.sttrr:0.2.
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O) Ler n -1 in I be the impulse response of a causal digital filter with a frequency response H a@l 
a1 . Define another

digtal 6lter srhose impulse response hgln) is given by

h6lnl -: (-t)nhalnl, for all n.

\\-hat is the relation between the frequency response Hgkig of this new filter and the frequency response
Ht,rjo ) ofthe Parent filter?

3.76 .1*r i-ndicared iri Example 2.45, the trapezoidal integration formula can be represented as an IIR digital filter
represented b1' a difference equation given by

ylnl : yln - 1) + ltxln)* x[n - 1]],

with l'[-1] : 0. Determine the frequency response of the above filter.

3.77 Arecursir-e difference equation representation of the Simpson's numerical integration formula is given by

tHamS9l
lbi - yln - 2l + l{xln) * 4xln- 1l + x[n - 2]1.

Evaluate the frequency response of the above filter and compare it with that of the trapezoidal method of Problem 6.52.

3.78 The frequency response of an LTI FIR discrete-time system is given by G1ei.o1: g0 + gt"-i, + g2e-i2. I
$e-i3'. For what relations between the coefficients g0, 91, g2, and 93 wiit Clei'1have a constant group delay?

3.79 Determine the expressions for the group delay of each of the LTI systems whose frequency responses are given

""6 Ha(eir1 : a * be-ir, (b) H61eia1 : 4)1,, @) Hc(eia)) : ffi, lcl < i,

3.80 Show that the group delay tg(o) of an LII discrete-time system characterized by a frequency response H @i,o1
can be expressed as

(3.r27)

3.81 Let H (eito1 denote the frequency response of an LTI discrete-time system with an impulse response hlnl'and
let G(eJ@1 denote the Fourier transform of the sequence nhlnl. Show that the group delay of the LTI system can be
computed using

_ ,..\ Hrc(eJ@)G1"ki9 * Hi^@la1Gi^@ico1rg\tD): , (3.128)

where flr"(eJro) and Hi^pial denote the real and.imaginary parts of H@ia1, respectively, and Gr"(eia) and
Goo@l @1 denote the real and imaginary parts of G pl a) 

, respectively.

3.E2 Using Eq. (3. 128) determine the group delays of the LTI discrete-time systems with frequency responses as given
below:

(a) Holeiay: 1 * o.4e- ja, 
{b) u6pia1 : L+o+;=y., @) Hr(eir) : uo!!ffi,(d)Hy1eia;1:+

\r -0.3 e-r@)( 1+0.5 e- i 9'
3.83 Consider an LTI discrete-time system with an impulse response hlnl : (-0.5)n p,Lnl. Determine the frequency
response H@igofthesystem,andevaluateitsvalue itr=+ilS.Whatisthesteady-stateoutputy[n]oftheiystem
for an input xfnf : sin(trnl5)p.ln)?

3.84 An FIR fllter of length 3 is defined by a symmetric impulse response, that is, ft[$] : hlZl. Let the input ro
this flter be a sum of two cosine sequences of angular frequencies 0.3 radlsamples and 0.7 radlsamples, respeciively.
Determine the impulse response coefficients so that the filter passes only the low-frequency 

"o-pon"nt 
of the input.

t,(a\:"r[tTlo' ' 
I utet'
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3,12 Marur Exercises
M 3.1 Using Program 3_1, determine and plot the real and imagiaary parts and the
the following DTFI for various values of r and g:

Gpil:*. o<r<1,I - 2r(cos 0)e-io 112"-i2o'

M 3.2 Using Program 3_1, determine and plot the real and imaginary parts
the DTFTs of the sequences of problem 3.19 for N : 10.

Chapter 3: Discrete-Time Fourier Tl

magnitude and phase spectra

and the magnitude and phase spectra

M 3'3 using Program 3-1, determine and plot the real and imaginary parts, and the magnitude and phase spectrathe following DTFTs:

@) xplal _ 0.2418(L + 0. .139e-i@ - o.35t9e-i2a * 0.139e-i3a a ,-i4o1' L + 0.2386e- j@ a A,.92 ,

0.1397 (l - 0.091 le-i, + 0.091 te-i2a; - e-i3to,
I t- 1.1454e-r@ + 0.j275e- jzto * O.l2O5r- jr,

(b) X@r@)=

M 3'4 using MArteB, verify the symmetry relations of the DTFT of a complex sequence as listed in Table 3.1.

M 3'5 Using MarrAB, verify the symmetry relations of the DTFT of a real sequence as listed in Thble 3.2.

M 3'6 using MattAB, verify the following general properties of the DTFr as [sted in Table 3.4: (a) li
I; *]"3:,-:T,r:i:e],1.":T,":v;sr.rirqns,1o) differentiaiion-in-frequency, (e) convolution, (f) modutation,(g) Parseval's relation. since all data in Marran have to be finite-le;gth re"iois, the sequences used to verifyproperties are thus restricted to be of flnite length. :

M 3'7 write a Merren program to compute the group delay using the expression of problem 3.g0 at aset of discrete frequencies.

M 3't write a Merur program to simulate the filter designed in Problem 3.65, and verify its filtering operation:t

1;M 3'9 write a MarrAB program to simulate the filter designed in Problem 3.6g, and verify its filtering operation,!


