Signals and Systems
HW#4 Answer
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(c) z(t) as depicted in Fig. P4.16 (a).
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Periodic Time-Domain Signal Fourier Transform
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4.17. Find the DTFT representations for the following periodic signals: Sketch the magnitude and
phase spectra.

(a) z[n] = cos(Fn) +sin(Zn)
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Periodic Time-Domain Signal Discrete-Time Fourier Transform

x[n] = cos(Qyn) X(e®) = wki (O — 0, — k27) + 8(Q + Q, — k27)
x[n] = sin(f2yn) X(em =2 i 5(0 - O, — k27) - 8(Q + Q, — k2a)
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(c) z[n] as depicted in Fig. P4.17 (a).
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Time Domain Frequency Domain
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(d) Plot of FT representation of Xj)
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4.26. The continuous-time signal #(f) with FT as depicted in Fig. PA.26 is sampled. Identify in each
case if aliasing occurs.

() Sketch the FT of the sampled signal for the following sampling intervals:
T =4
No alinsing ocours.

t
-38rr Stor 1V 18
Figure P4.26. (i) FT of the sampled signal
)T, =4

Since T, > 7, aliasing occurs.
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Figure P4.26. (i) FT of the sampled signal
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Figuro P4.26. (iif) FT of the samplod signal

() Lot zfn] — 2(T.). Sketch the DTFT of zfn], X(c%), for cach of the sampling intervals given
in (a).

The D1 e sealess the '’ axis by the sampling rate.
o)

X(el™

14 10rr 387

A TR
38t \/ 18rr VvV~
14

Figure P4.26. (i) DTET of x{n]
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Figure P4.26. (i) DTFT of z[n|
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4.28. The discrete-time signal {n] with DTFT depicted in Fig. P4.28 is subsampled to obtain y{n] =
rlgn]. Sketch ¥ (/%) for the mmm[..l,; choices of g: " - ol il
@)q=3

(b)g=1

©q=8
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Figure P4.28. Sketch of ¥ (c7%)
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4.20. For each of the following signals sampled with sampling interval 7}, determine the bounds on T,
that gaurantee there will be no aliasing.

() () = § sindmt + cos(2mt)

o 1
Lnary T {; ol <3x

otherwise
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(d) (1) = w(t)=(t), where the FTs W (jw) and Z(jw) are depicted in Fig. P4.20.
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4.33. The zero-order hold produces a stairstep approximation to the sampled signal (1) from samples
[n] = 2(nT%). A device termed a first-order hold linearly interpolates between the samples z[n] and thus
produces a smoother approximation to (#). The output of the first- order hold may be described as

()= Y alnl(t-nT,)
where hu({) is the triangular pulse shown in Fig. P4.33 (a). The relationship between z[n] and z: (f) is
depicted in Fig. P4.33 (b).
(a) Identify the distortions introduced by the first-order hold and compare them to those introduced by
the zero-order hold. Hint: hu (t) = ho(t) = ho(t).

) = 3 allhie-nT)
= o0 halt) 3 elnlst—nTy)
. ==
Xi(jw) = Ho(jw)H,(jw)Xa(iw)
Which implies:
i) = )

P

Distortions:

(1) A linear phase shift corresponding to a time delay of T, seconds (a unit of sampling time).

(2) sin?(.) term introduces more distortion to the portion of Xs(jiv), especially the higher frequency part
is severely attenuated compared to the low frequency part which falls within the mainlobe, between —wi,
and wp.

(3) Distorted and attenuated versions of X (jw) still remain at the nonzero multiples of wy, yet it is lower
than the case of the zero order hold.
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(b) Consider a reconstruction system consisting of a first-order hold followed by an anti-imaging fil-
ter with frequency response H,(jw). Find H(jw) so that perfect reconstruction is obtained.

Xa(HGeHGe) = X(e)
e
Hiie) = gt )
Z

where Hppp(jw) is an ideal low pass filter.
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Assuming X (jw) = 0 for || > wm

() Determine the constraints on |H(jw)| so that the overall magnitude response of this reconstruc-
tion system is between 0.99 and 1.01 in the signal passband and less than 10~* to the images of the signal
spectrum for the following values. Assume z(f) is bandlimited to 12r, that is, X (juw) = 0 for || > 127.

Constraints:

(1) In the pass band:
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4.35. A discrote-time system for processing contimuous-time signals is shown in Fig. PA35. Skotch the.
magnitude of the frequency response of an cquivalent continuous-time system for the fllowing cascs:
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Figure PA35. (s) Magnitude of the froquency response
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Figure PA.35. (b) Magnitude of the froquency responso
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Figure PA35. (¢) Magnitudo of the frequency response
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440, Let 2(t) — asin(u,t) be sampled at intervals of T, — 0.1 5. Assume 100 samples of (t).
=fn] = 2{nT.),m —0,1,....99, arc svailable. We usc the DTFS of zfn] to spproximate the FT of () and
wish to determine @ from the DTFS coofficicnt of largest magnitude. The samples x{n] are zero-padded
o length N bofore taking the DTFS. Determine the minimum value of N for the following values of wo:
Determine which DTFS cocficient has the largest mognitude in cach case.

Choose A so that w, s an integer multiple of Au,(w, — pAw), where p is an intoger, and set
N — M — 100. Using these two conditions results in the DTFS sampling Wa(j(w — o)) at the peak of
the mainlobe and at all of the zero crossings. Consoquently,

(8) wp =320
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(b)w, = 31x

Since p and N have to be integers

0 otherwise on 0 < £ < 199

(€) wo =357
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4.16. Find the FT representations for the following periodic signals: Sketch the magnitude and phase
spectra.
(a) x(t) = 2cos(nwt) + sin(27t)

) ) 1 . 1.
$(t) — e]wt 4 e—]wt 4 27]'6]21# _ 27]'6—]21rt
w, = lem(w2n) =7
z[l] = z[-1]=1
1
z[2] = —a[-2]=—=—
2j

X(w) = 27 Y X[ko(w — kw,)

k=—oc

X(jw) = 2[776(4,‘177r)+776(w+7r)]+%[7r5(w7277)771'6(w+2ﬂ')]
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Periodic Time-Domain Signal Fourier Transform
x(t) = cos(w,t) X(jw) = 78(w — w,) + (0 + ®,)

x(?) = sin(w,?) X(jo) = %a(w -w) - %a(«» + w,)
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(a) Magnitude and Phase plot
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