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PROBLEM 4.1: APL

@) x[n] = x(nTz )= 10 cos( 880mnl; +cp) T, =0.0001

320T. = §30x 0% = 0.088 = V25
To find +he numbcr of §a««,>1e,s within one Ferfod
0{: the Conkinvous Cosine X({’), fl'ncl Hle 137965"’
lnteger satisfying §30mnT; < 2r

n< 2 _ = 250 _ 22.73
~ 0.08%

ﬂeve are 23 samlples in one Pe.yfad, because Swf)es
n=o01,2,..22 are within one period.
NoTE: the period of x[n] is not 23; 1t is aa‘uallj 250.

(b) yIn)= 10 cos(won'E +(P)
To qet the same Samples Br x[n] 2 Y] we solve:

w,nly = 33omwnl; ¥ 2k A= infeger
= = g30m + 2k 2
7w = B30T + T % = 20,0001
Toke L=10 ) - op 980w

(€) Find largest integer sahsfjina
(20,330T)nTg = 2

ne 2 which is less hau one |
2,088

Ve onlj oneg saMP\e Per Pen‘ocl is taken
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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="/¢,

(¢) $5=15 samples/sec

X(HLC;\% - X(IS'\ 7°°S(Hrm Zri)

=7c05(7£§_-——"—;—_)

T - -
G

I

A=7/ (2)0:’_].1—’_:;211'(5—'5‘\ %CF:—WZ

mng—

15 /
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PROBLEM 4.3:

e 2.2c0s (0.3mn—7) [ f,=co00 |

r A CDS@“"Q’% *(‘P) Fuous—{'w\k
s > g 0.

(%)

= arfe — 0.3, o 0WrIr, oL 037 2T

-l

Selver 40 =037 = { = J;5(‘9":%): €000 x 0uIs”

——

¥
(o = qeo Hz
— X(f\: 2.2 cos (/Yoo-ne --rr/%) )ia‘r;e .
s ‘Fs

ArYe _ 2,37 = £ = ?S(Zl_%)—. 6900 ¥2
—7 X(})= 2.2 cos (mr(tqelt ~ T4\

Faally,

Qw\co

—

s
X (£)= 2.2 cos ((ar(-siea)t ~T2)
— (0 = 2.2 cos( ar(sieedt + )
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PROBLEM 4.4:

U ‘W‘Ym‘ﬂiﬂ%“w»v\f‘uﬂf\.w‘h\
y2mlzeeat 2 SR : 4
—_ LN - ﬂ'(zcoo)t Jz“’“lof ) 2“."0 )
(@ x(t)=[10 +aeJ +"ze’ _](':'T_Q +—}_-e_~‘
Theve are six +erms:

, jaw(izeco)t ' _jln-(lzooo)t‘
7€

t7
_,_J_,ejZn’(%ooo)f 4 _j 3 (2ooodt
3 N

. 4 . 4
X({'): 5.6') amxI0't ' S_e:JQ‘er'D t .

Spectrum P\ot was created in MATLAB:

Spectrum for AM Modulation
6 | | | 1 | I
5 5
o)
247
=
g2 -
=
0.25 0.25 0.25 025
0 [ [] | [] [
-12 -10 -8 0 8 10 12
frequency (kHz)
(b) Yes the

waveform is periodic. The six Fre.r.buwcies
z-tz,ooo, -16,000, -g000, 3000, lODoo,Izooog are al| divisible

by 2060 Hz . Tv\erefwe, fo = 2006 Hz is the fundamenta]
‘gr‘e‘bomﬁ' The Perioc\ is Yf = Yhooo Se€c

- |
-——z—_'W\SC(.

©) The Sa«wx‘a\fna rate most be greater than fwice
+he h\'a\/\es*l' Frects\)&«c:, M X6

= £ > 2(12000) = 24000 Hz
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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 4.6:

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 4.7

(a) 10

T I T T

PHASE = -Tl'é—

1 f qﬂ h n T RN o
_*wﬁ_.éil---l‘ﬁ,mwﬁi -

_10 1 | 1 1
0 5 10 15 20 25 30 35

a
T

D

o

WTE '%_ PEK\DDs =29 SWF\QS R
=> PeRICD= 564 = &°=~21r(0.0é)

> 1/(5"/3) - %o}

(b)Y The vectow XX s adua“j xin)
x(n}= 9 c,os( 2m(394) n (o.01) +"'/z)
= 9 cos (2w (3.94)n +T/2)
= qcos (2 (0.94) n + T/

REMOVED MULTIPLE oF 417
= ‘7 cos ( zn(—a.oé)n +7r/2)
Xnl= 9 cos (.’211'[0.06 In — T/2)

(C) Deriva\‘fc'vx N ‘Fav"" (b) shows tHhat

Ainl leoks  like Samples % a b6Hz
sinvsord takem at FS-_—’

oiov — 100 Hz.
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PROBLEM 4.9:
(a) Draw a sketch of the spectrum of z(t) which is “sine-cubed”  (t) = sin®(400rt)

. 3
qoont e—‘) qoo0m t

X(+) = (e’ -

_jTr/z_
r'@e
boo fnezl”z)
o Y
= T

(b) Determine the minimum sampling rate that can be used to sample z(t) without any

aliasing.
1[; =2 ‘CHlGH

= .= 1200Hs
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PROBLEM 4.12:

(a) z[n] =10cos(0.137n + 7/13) the sampling rate is f; = 1000 samples/second
. = 0.065)n = & n — v
13T N 2 ( ) 211'( 5) ez o => (LEMHE s

owe Freg,.
X (1= 10 cos (aw(es)t v T )
Also, i+ coutd be “f{olded™ case: |o0o-65= 935 Hz

Xp(£)= 10 cos( 2m(938)t — T3
NoTe phase revensal

(b) If the input z(t) is given by the two-sided spectrum representation shown below, determine a
formula for y(t) when f; = 700 samples/sec. (for both the C/D and D/C converters).

13e77/4 13eim/4
7e—j37r/4 ] ’ 7ej31r/4
|
—500 —-200 0 200 500 f (in Hz)

X(£)= 26 cos (2m(z00)t +T/4) + 14 cos (2m(500)t + 374 )

X[M= 26 cos (2w (Zn +74) + 14 coes(2m(£Yn + 37/4)
THIs TERM FoLbPS
XM= 26 cos(an (B0 +T4) + [4cos( 2 (2)n+374).

=>7(+)= 26 cos(am(200)t+ W4) + 14 ces(2m(a00)t — 37/4).

yit) = |2 cos(2m(200) ¢ +77)
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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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