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PROBLEM 4.2;

XH’): 75in("n"‘.’) L\ A/D XxInl= A cos (l:\—bn fo\
= 7cos(1ITt-T7) j{,
S

@) L= 0 samrles/ser_.

x({:\lh% = X(%s\z '7(:03(!_11;;0_'?_ ~“79,),

—_— nmwn -
7cos( o T 2Tn 7%_)

TV cos(Um —ig ) = Jeos(-Tm+ ).
(A7, Zo- o, -, )
(b) L=5 SWP‘es/s—e(_

x(H\ = x(%)- 7405(117”' A

t="/¢,
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PROBLEM 4.5:
@) Let x(t)=10 cos(w,t +LP)
Sawpling at a rate of & = xD= x|, = x(%)

X[n) = lOoos(wo%;+ (‘P) \ N

== 0.2 = Wy~ 0.2wx|000
E%Ua’l'e %‘.5 to ﬂ ‘Fs - 2por

W)= 10 cos(o.Zmn -q) = -"q

A second possible signal is the “folded alias" ot (F-6)
-?5-& = ;5"“2_)—:-‘_: ‘OOO‘z-g-Qn—j-r: QOOHZ

Tn +his case, t+he Phase () chamaes.

R()= 10 cos( am(fs-R)t+ )

X[n) = 10 c.os(:hr(&*h\%s+ §) = l()c.os(lnn—Iln‘fo% n LP)

= |0c¢>5<—271’f%52+-9;)_—. ]Ocps(ﬁﬂ%n ""V).

= y=+7

(b) Reconstruction of x{w] with fs= 2000 93«»\4\?1&/52(_.
The discrete amd continvovs dowains ore related
bj: D—— -~ t ot N «—> ‘cst
So we reglace noin xnl with &t This is what

tn ideal  D-to-A wevld do.
x[W)= 1D c.os(O.lrrn-"T/-ﬂ

= 2000
XY= 10 c_os(o.:zrr&{—_%> /1/,[\5 2

b eos (400t <)
10 & 1 = g00T => =200 Hz.
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PROBLEM 4.8:
X ()= cos (S’Drr{') sin (700w t)

~gowt

- : t _:700ont
Q) B _J:,ont 0 jroom | i )
& )= (lz-eJ +Le 2;¢€ 2 ©
_ J_a_;?gowt Lo eJ'L.SDrrf_ , e—Jéwﬁt_..’_ C_J?s"ont
;J E gl 4y
R . ,\,r/,_
%—.6( '48 4‘23 t4
| >
ne L © 226 3 F
-37s -325 L 75 T(Hz)

(b) 'SGMAP)\MS Thom S2ys saM?\e at a
rate 3%0}0\ haw Hwes | Heo
\\CS\WS'\" (’\\Cﬂb .

Mignest Freg = 375 He

— Qs = '/sD He.
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PROBLEM 4.13:
Assume that the sampling rates of a C-to-D and D-to-C conversion system are equal, and the input to the Ideal C-to-D converter

is
x(t) =2cos(2m (50)t + 7 /2) 4+ cos(2m (150)1)

(a) If the output of the ideal D-to-C Converter is equal to the input x(¢), i.e.,
y(t) = 2cos2r (50)t + 7 /2) + cos(2m (150)¢)
what general statement can you make about the sampling frequency f; in this case?

Solution: The sampling frequency must be greater than twice the highest frequency, because there
was no aliasing. Thus, we can say that

Fy; > 2 x 150 =300 Hz

(b) If the sampling rate is f; = 250 samples/sec., determine the discrete-time signal x[r], and give an expression for x[r]
as a sum of cosines. Make sure that all frequencies in your answer are positive and less than 7 radians. Solution:

Replace ¢ with n/f; = n/250 to get

x[n] = x(1n/250) = 2 cos(27 (50)(n/250) + 7/2) + cos(27 (150)(n/250))
= 2¢0s(27(0.2)n + 7/2) + cos(27(0.6)n)
= 2¢c0s2(0.2)n + 7/2) + cos(2(0.4)n)

(c) Plot the spectrum of the signal in part (b) over the range of frequencies —7 < @ < m. The plot below shows the

periodicity of the DT spectrum.
A

1 le/™/2 le—J7/2 1 le/™/2 le=Jm/2 1

—27 —4x/3 —m —27/3 0 2/3 w  4n/3 2T @&
(d) If the output of the Ideal D-to-C Converter is
y(t) = 2cos2r(50)t + /2) + 1

determine the value of the sampling frequency f;. (Remember that the input signal is x(¢) defined above.)

Solution: Since the frequency of 50 Hz is preserved, the other frequency of 150 Hz must have been
aliased to 0 Hz. This can happen if the sampling frequency is f; = 150 Hz, in which case the
discrete-time signal is

x[n] = x(n/150) = 2 cosRm (50)(n/150) + 7 /2) 4+ cos(2m (150)(n/150))
=2cos2nn/3 + m/2) + cos(Qmn)
=2cosQRnan/3+m/2)+ 1

When x[n] is reconstructed by the D/A converter running at f; = 150 Hz, the final output will be

y(t) = x[n]‘n_)fst =2cosm(150t)/3 4+ 7/2) + 1 =2cosRu(50)t + m/2) + 1
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PROBLEM 4.6:

p({')

SQUARE
PULSE
: >t

‘—o'os 0.05 -

{ -0.05%t%<0,05
(0] o thevwise

ﬁ—-‘-‘\r_

@) P({'\: i

In Pre formila for y(+)
y(1= --- + ylel FU’\ - y[|] F({—Ts) +>l[2.'\ F(‘{"ZTs)+»---

The square pulses will net overlap, se the ‘:Va\ues of
)&[n’] will be extended oven an interval of 5.

AP JANGULAR
(h Pl = ii—iol{\ -0.1¢t< o0 A

o otherwise " .

04\

In this casg, +he V\eiﬁhbon‘v\ﬂ +erms do overlap
)l(+)= o - +' YIO]FH-') + )’['] F(é"‘r;) +‘Y£2'—l P(t°21—5)+.-.
The rvresvlt s limear in*\’errolq-\—"cm.

(gEsveD) When we add these two
Example g \%A — triangles, +he resvlt between

,’\.;\L - t=0.| axd t=0.2 15a sﬁa?hf
"ol 02 * Iine’

T T . :

1+ -
05 .
ob—e : e
-0.2 0 0.2 04 0.6 0.8
time (sec)
Problem 4.8(b) Triangular Reconstruction Pulse
T T T T T T
1k 4
0.5 .
0 ’ = = 3 1
-0.2 0 0.2 0.4 0.6 0.8
time (sec)
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PROBLEM 4.19:

You coold eshtimate Yhe values frowm a FIOJF'

,' ‘i o fofe puid =4
b

' 1 h ] \ | } ". V\
o 2. LY

Looks hke Ax3 W, 2—“(’;_6-‘.1:): Ll I
10

6 8
#= ()Y (%) - -

EXACTS
Wrirke 3 Consecvtive chues 07[— X[l

N LW W, ~ —\Wp WO
xin-)= & @3 NGl A GIF IR o

2
x(nl = A e N + !%f__éa‘l’ e N
N PN \Wo —_ - N -)"“b
X+ = %e""@ e’ + £ e

= x[n-1) +xnri)= e)“f Jwchosw)%ﬁ. zL )%(zcoswa)
:(2 cos w‘,3 ISTYE

= osw, = *bn-i) +x0nel]  5.429) +2.9816

2 x[n7) - 2 (2.9002)
:7“"0; /g ’

Let 2= Ae)‘-f 2 EGNS in 2 UNKNowNs
z

- -7/
x[ol= 2 + Z' =2.427| 2=15¢e"

{ R, -1 21 = = =T
x",\z 6’)2 /'1Z+e)2/n2*=2.‘iooz A 3 2,' (f-_ /5—

= 0.932%

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 07452003 permission has been obtained from the authors. December 29, 2003



PROBLEM 4.19 (more):
SoLVE SIMULTANEbVs Egrs For A %‘ ®

1 1 Z | _ | xlel
eyz“’/ LS §2 2% (1

Taveat Yhe 2x2 matnic: l;q\,]'t | &a -b)

cd| ad-bcl-c a|

—

= |2 4 &M _1 [«
Z"' 6_321%1——6_321%—' _€+J2W/n 4 Kfl-l

2= Ao Y

—

?wq IN x]el= 2‘427)? AND §/Mh:FY
K[1]=2.9002

- s

= Z = 12135 —j0.8817= .5 ¢

= A=3 CP= -T/s
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