OM. J. Roberts - 8/17/04

Chapter 7- Sampling and the DFT
Selected Solutions

(In this solution manual, the symbol, [J, is used for periodic convolution because the preferred
symbol which appears in the text is not in the font selection of the word processor used to
create thismanual .)

1. Samplethesignd,
x(t) = 10sinc(500t)

by multiplying it by the pulsetrain
p(t) = rect(10*t) (1.000comb(1000t)

toform the signal, x,(t). Sketch the magnitude of the CTFT, X (), of x,(t).

1 & . k f —1000k
Xp(f):%kzz_msnc%—ogectgimo @

x(t) = 10sinc(500t)

2. Let

asin Exercise 1 and form asignd,
= [1000x(t) comb(1000t)| Crect(10%t).

Sketch the magnitude of the CTFT, X (), of x,(t) and compareit to the result of Exercise 1.

f —1000k
1) e
ol 500 s ncgfaz 500
3. GivenaCT signd,
x(t) = tri(100t) ,

formaDT signd, x[ n] , by sampling x(t) at arate, f, =800, and form an information-equivalent
CT impulse signal, x, (t), by multiplying x(t) by a periodic sequence of unit impulses whose
fundamental frequency isthe same, f, = f,=800. Sketch the magnitude of the DTFT of X[n|
and the CTFT of x,(t). Change the sampling rateto f, = 5000 and repes.

x[n] = tri(100nT,)
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X(F)=2 (F)

00
e, f—kfsg
X‘f(f)_look:z_ms'nc Q 100

4. Givenabandlimited CT signd,

=s nc%@cos(zm) :

formaDT signd, X[n|, by sampling x(t) a arae, f,=4, and form an information-equivalent
CT impulse signal, X, (t), by multiplying x(t) by a periodic sequence of unit impulses whose
fundamental frequency isthesame, f, = f, = 4. Sketch the magnitude of the DTFT of x[n| and
the CTFT of x,(t). Changethesamplingrateto f,=2 and repest.

Similar to Exercise 3.

5. Find the Nyquist rates for these signals.

@  x(t)=sinc(20t) ——rect%gﬂ fis 2fz 20

) x(t)=4sinc?(100t)  X(f)= %trl OOQD fys 2f= 200

(©  x()=8sin(s0r)  X(f)=j4s(f +25)-f -25)| 0 fz 2fz 50
(d)  x(t) = 4sin(307t) + 3cos(70 1)

(e  x(t)=rect(300t) Not Bandlimited. Nyquist rateisinfinite.

(f)  x(t) = -10sin(40rt) cos(300 1)

6. Sketch these time-limited signals and find and sketch the magnitude of their CTFT's and
confirm that they are not bandlimited.

@ ()= 5rect§loL0§ X(f) = 500sinc(100f)
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()

-200 200

X(H)I

500,

-0.04 ' 0.04
(b)  x(t) =10tri(5t)
(©) x(t) = rect(t)[l + codZnt)]
(@ x(t) = rect(t)[1+ cos(2t)| cos(16 1)
7. Sketch the magnitudes of these bandlimited-signal CTFT’ sand find and sketch their inverse
CTFT’ sand confirm that they are not time limited.
@  X(f)=rect(f)e’*” x(t) = sinc(t-2)

0
1 . L,0%50

(b)  X(f)=tri(200f)e" x(t) = 1005 Tge 0
H H

©  X(f)=0(f -4)+df +4) x(t) = 2cog(81t)

IX(F)I
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(d)  X(f)=j[a(f +4)-&f —4)] Crect(8f)
8. Samplethe CT signd,
x(t) =sin(2m)
at asampling rate, f.. Then, usng MATLAB, plot the interpolation between samples in the time
range, —1<t <1, using the approximation,
f. o .
x(t) O ZTS H:ZN x(nT,)s nc(2 f.(t- nTS)) :

with these combinationsof f,, f_, and N.

€) f.=4, f.=2, N=1

() f.=4,f=2,N=2 (0 f=8,f=4,N=4

S C

d f.=8,f=2,N=4 (¢ f=16, f. =8, N=8

f)  f.=16, f.=8 , N=16

X(t)

1
A
9. For each signa and specified sampling rate, plot the origina signal and an interpolation

between samples of the signal using a zero-order hold, over the time range, —-1<t <1. (The
MATLAB function “st ai r s” could be useful here.)

@  x(t)=sin(2rt) , f.=8

x(H)

M
U

(b)  x(t)=sin(2nt) , f,=32

(©  x(t)=rect(t) , f.=8 (d x(t)=tri(t) , f.=8
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10. For each signal in Exercise 9, lowpass filter the zero-order-hold-interpolated signa with a
single-pole lowpass filter whose -3 dB frequency is one-fourth of the sampling rate.

X

1

@

11. Repeat Exercise 9 except use afirst-order hold instead of a zero-order hold.

X(t)
AWA
VRV
(@ 1

12. Sample the two signals,

x()=e" and x,(t)=e" +sin(87t)
inthetimeinterval, -3 <t < 3, a 8 Hz and demonstrate that the sample values are the same.

13. For each pair of signals below, sample at the specified rate and find the DTFT of the sampled
signals. In each case, explain, by examining the DTFT’ s of the two signals, why the samples
arethe same.

@  x(t)=4cog16m) and x,(t)=4coq76mt) , f =30
x,[n] = 4coq16rmT,) and x,[n] = 4cog(76mT,)

X,(F) = 2/ comb(F - 8T,) + comb(F +8T,)|
= Zﬁombgz - %§+ comb@z + %%
= Zﬁ:ombgz - %§+ comb@i + gﬁ

U

U
2@:omb§: - —1@ comb@z +— 0 1%: X,(F

O

O

D —oomb@z @ —comb@: Q

Similarly,
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(b)  x(t)=6sinc(8t) and x(t)=6sinc(8t)cos(4007t) , f, =100
(©  x(t)=9cos147t) and x(t)=9cog(987t) , f =56

14. For each sinusoid, find the two other sinusoids whose frequencies are nearest the frequency
of the given sinusoid and which, when sampled at the specified rate, have exactly the same
samples.

(@  x(t)=4cod8rt) , f,=20
(b)  x(t)=4sin(snt) , f,=20
4sin(48t) and - 4sin(327t)
(©  x(t)=2sin(-20mt) , f.=50 (d)  x(t)=2cos(-207t) , f =50

(e  x(t)=5cosBort +g§ , f.=50

15. For each DT signal, plot the original signal and the sampled signal for the specified sampling
interval.

@ x[n]=gné!;—’?§ . N,=4
x{n| = siné%?gcomb‘l[n]

x[n]
1

-24 4

xJri

1]
T

(b)  x[n]=recty[n] ,N,=2

©  Xn| :cosg%%osggg , N,=2
d Xn= %%g un] , N,=6

n
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16. For each signal in Exercise 15, sketch the magnitude of the DTFT of the origina signal and
the sampled signal.

@ Xn]=s n%@ xJn] = siné%rgcomb‘l[n]
1gedds

k:—oo

(k)  x[n] =recty[n| x| = rect,[n] comb ]

X (F)= %§9drcl(F,19) +19drcl % —%,19%

X(F)I
0.

F

X ()l

0.25

©  xn| :coséz?g , N =

17. For each DT signd, plot the origind signa and the decimated signa for the specified
sampling interval. Also plot the magnitudes of the DTFT’ s of both signals.

@  Xn] :tri%ﬂoﬁ S Ng=2 xy[n] :tri%g

X (F) =10sinc?(10F) Ocomb(F)

X 4(F) =5sinc?(5F) Ocomb(F)
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()  Xn]= (O.95)”siné!%§.|[ |
©  Xn] :cosg?g , N, =

18. For each signa in Exercise 17, insert the specified number of zeros between samples,
lowpass DT filter the signals with the specified cutoff frequency and plot the resulting signal
and the magnitude of itsDTFT.

@ Insert 1 zero between points. Cutoff frequency is F, = 0.1.

D n U — an integer
x[n = HH N
, otherwise

xs[n] I%E N —an mteger Drl@;% —an mteger

, otherwise EJ , otherwise

xJn] = tri%%@combz[n]

Using

tri%\?—v%—ﬁa|vv|sinc2(WF)Dcomb(F)
X.(F) = [10sin*(10F) Coomb{(F )] 0 comb(2F)
= [10sinc*(10F) Ccome(F)] 7 ro(F) + 37 51
X (F) = 5sinc*{10F) Creomb(F) + combif - -
X (F ):Skstmc (10(F - K)) +sinc @o@r ———k%

=[rect(5F) Dcomb(F)] x 5sinc?(10F) D%omb(F) + Combg: - %%

Solutions 7-8
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=[rect(5F) Dcomb(F)] Siwsi nc?(10(F - k)) +sinc? @OQ: —% - k%
Using x[n] Oy[n] - 8- X(F)Y(F), tri%\?—v%@@q [wisinc® (wF ) Ocomb(F)

and &”™"x[n] B X(F F))

o o
s o) B
-G ol

-4 5 o Tl

X[l

NIE]

0.5

-20 20

X, (F)

5

-1 ' 1 F

(b) Insert 4 zeros between points. Cutoff frequency is F, =0.2.

(© Insert 4 zeros between points. Cutoff frequency is F, = 0.02.
19. Sample thefollowing CT signals, x(t), to form DT signals, x[n|. Sample a the Nyquist rate
and then at the next higher rate for which the number of samples per cycleisaninteger. Plot

the CT and DT signals and the magnitudes of the CTFT’'s of the CT signals and the
DTFT’sof the DT signals.

(@  x(t)=2sin(30rt) + 5cog(1871)

Solutions 7-9



OM. J. Roberts - 8/17/04

f)= j[o(f +15)- &(f ~15)] +g[6(f +9)+ f -9)]

Nyquist rateis 30 Hz. Periodis ?1), second. Ten samples are required.

At Nyquist rate:

Xl N = 28in(30mT,) + 5cos(18 mT,) = 2sin( m) + 5005%@

e =

=0 dueto aliasing

Nyq =3 ﬁombgz ——@ comb@i 10%

At the next higher rate 11 samples are required and the sampling rate is 33 Hz.

x,/[n] = 2sin(30mT,) + 5cog18 mT,) = 2s n§@§+ 5cosé‘%§
X, (F)= j%ombgi t0 comb@i % % +comb§: +1—31%

x(t) X ()l

e ATAs 1'3 |tf

-15 15

I
]

(e i
’ ‘]lHTL _1|n | 4] L

G
(b)  x(t) = 6sin(67t) cos(24 )

Nyq

[N,

20. For each of these signals find the DTFS over one period and show that X EEEIS real.

@  x[n] = rect,[n] Ccomby,[n]
(2N, +1)

Lk 0
NO drdHN_o’(ZNW +1)E

Using rect,, [n] Ocomb,, [n] & -

Solutions 7-10
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X[k] _drCIE]__ 55
i

X[6] = X[K] = S ard 32 5= = o ==, Ral
S5

(b)  x[n] =rect,[n +1] Ocomb,,[n|

I I U R S v

21. Start withasignd,

x(t) = 8cos(3071)

and sample, window and periodically-repeet it using a sampling rate of f,=60 and a window
width of N = 32. For each signal in the process, plot the signal and its transform, either CTFT

or DTFT.
x(t) =8cos(30mt) - - X(f) =45 -15)+ & f +15)F
x,[n] = 8008%?%«—@—» X (F)= 4%omb@: —%§+ comb@z +%%

SN[n] %cosé!?@ , 0sn<32

E) , otherwise

XM(F)=4§ g1 %32’@: 4% L @S”@Q’TQ: 4%5
7 i - ,if s + 4%5

Xqs| 1] = 8005%2771”%&@—» X os| K] = 4(comby, [k - 8] + comby, [k +8])

()-8

Solutions 7-11
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G

I
et | [1] ]
"1 Phase of X, F) rF

=Y T

F

-1 1
-Tr

22. Sometimes window shapes other than a rectangle are used. Using MATLAB, find and plot
the magnitudes of the DFT’ s of these window functions, with N = 32.

@ von Hann or Hanning

w[n| :%%—co%%, 0<n<N

X[n] [X[KI|
1 16,
o 32 32 k
(b) Bartlett
02n -
, 0€sn<
_ Eﬁ -1
w[n] =
2n N-1
-——, <n<N
N-1 2

(© Hamming

w[n] = 0.54 —O.46cos§\2‘—71§ , 0sn<N

(d) Blackman

w[n] =0.42- O.5005§5—T1§+ 0.0BCOSQ%Q , 0sn<N

23. Sample the following signals at the specified rates for the specified times and plot the
magnitudes of the DFT’ s versus harmonic number in the range, —% <k <% -1
(@  x(t)=cos2it) , f.=2 , N.=16

Solutions 7-12
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x[n] XK
1 16
n

1 " s k
(b) x(t)=cog2it) , f.=8 , N.=16
(©  x(t) = cog(2rt) f.=16 , N, =256
(d) x(t)=cog(3) , f.=2 , N.=16
(e  x(t)=cod3t) , f =8 N. =16
f  x(t)=cod(3m) , f.=16 , N.=256

24. Sample the following signals at the specified rates for the specified times and plot the
magnitudes and phases of the DFT's versus harmonic number in the range

_&<k<&_l_
2 2
@  x(t)=ti(t-1) , f,=2 , N.=16
b  x(t)=ti(t-1) , f,=8 , N.=16
(©  x(t)=tri(t-1) , f,=16 , N.=256
f =16,N_=256
S F
XK
16
-128 127 k
Phase of X[K]

@  x(O)=ti(t) +uit-4) , f=2 , N, =8

e  x(t)=tri(t) +tri(t-4) , f,=8 , N.=32

Solutions 7-13
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)  x(t)=tri(t) +tri(t-4) , f.=64 , N. =256

25. Sample each CT signdl, x(t), N, timesat therate, f,, creating the DT signa, x[n]. Plot x(t)
vs. t and x[n] vs. nT, over the time range, 0<t<N.T,. Find the DFT, X[K|, of the N,
samples. Then plot the magnitude and phase of X(f) vs. f and T X[K] vs. KAf over the

f f f . :
frequency range, _ES < f <Es,where Af = NS . Plot T,X[K| as a continuous function of
F

KAf using the MATLAB “pl ot ” command.

@  x(t)=5rect(2(t-2)) , f,=16 , N.=64

X(f):gsinc%%‘””

X (f
x(t) |2 ()l

Phase of X( )

1L

IT XK
° A4DZBQA_H/NF
® Phaseof TX[K ® °

4 S -
(b) x(t)=33inc§_T20§ . f=1, N, =40

(©  x(t)=2rect(t-2)sin(8t) , f,=32 , N.=128

(d) x(t)=10§ri§_22§—tri§_26%, f=8 , N,=64

(e  x(t)=5cod2mt)cog(167t) , f.=64 , N.=128

26. Sample each CT signdl, x(t), N, timesat therate, f,, creating the DT signd, x[n]. Plot x(t)
vs. tand x[n] vs. nT, over the time range, 0<t<N_T,. Find the DFT, X[K], of the N,

samples. Then plot the magnitude and phase of X(f) vs. f and M vs. KAf over the
NF

Solutions 7-14
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frequency range, —% <f <%,where Af = % Plot % as an impulse function of KAf
F F
using the MATLAB “st enf command to represent the impulses.

(@  x(t)=4cos(200i) , f,=800 , N.=32
(b)  x(t)=6rect(2t) Ocomb(t) , f,=16 , N, =128

X(f) = 3sinc%§comb(f) -3y gnc%@f(f ~K)

k=—00

X (f
x(t) | 3( )l

6
AA""AABf

-8
Phase of X(f)|

¢ TT

P 8 8
-Tr
X[KI/N, |
X[ 3|
6 PR J I I L 2PN kfs/NF
" Phase of X[K/N,. °
. T[T .
Kf /N
nT 8 l 8 s F
s - .

8
(©  x(t)=6sinc(4t) Ocomb(t) , f.=16 , N, =128

(d)  x(t)=5cod(2mt)cog(167t) , f.=64 , N.=128

27. Usng MATLAB (or an equivalent mathematical computer tool) plot the signd,
X(t) = 3cog(207t) - 2sin(30 71)

over atime range of 0<t <400 ms. Also plot samples of this function taken at the following

sampling intervals: a) T, = L s,b) T, = 1 S,C) T, -1 sandd) T, = S S. Based on what
120 60 °~ ° 30 15 _
you observe what can you say about how fast this signal should be sampled so that it could be

reconstructed from the samples?

28. A signd, x(t) =20cos(10007t) is impulse sampled a a sampling rate of 2 kHz. Plot two
periods of the impulse-sampled signal, X; (t) (Let the one sample be at time, t =0.) Then

plot four periods, centered at zero Hz, of the CTFT, Xn(f), of the impulse-sampled signd,
X5 (t). Change the sampling rate to 500 Hz and repes.

Solutions 7-15
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29. A signd, x(t) =10rect ! is impulse sampled & a sampling rate of 2 Hz. Plot the

Oto
W1
impulse-sampled signal, x, (t) onthe interva, —4 <t <4. Then plot three periods, centered
a f =0, of the CTFT, X,(f), of the impulse-sampled signa, x,(t). Change the sampling
rate to 1/2 Hz and repest.

fS=2Hz fS=1/2Hz
Xé(t) Xa(t)
il ]
11111115 S ) O
Xo( )l [Xa( I
80 0
5 5 2 >
Phase of X( f Phase of X5(f)
5 2 5

30. A signd, x(t) =4sinc(10t), is impulse sampled a a sampling rate of 20 Hz. Plot the
impulse-sampled signal, x,(t) on the interval, -0.5 < t < 0.5. Then plot three periods,

centeredat f =0, of the CTFT, X,(f), of the impulse-sampled signdl, x,(t). Change the
sampling rate to 4 Hz and repest.

31. ADTsignd, x[n], isformed by sampling a CT signdl, x(t) = 20cog(8t), a a sampling
rate of 20 Hz. Plot x[n| over 10 periods versus discrete time.  Then do the same for
sampling frequencies of 8 Hz and 6 Hz.

32. A DT signa, x[n|, isformed by sampling a CT signd, x(t) = -4sin(2007t), & a sampling

rate of 400 Hz. Plot x[n] over 10 periods versus discrete time. Then do the same for
sampling frequencies of 200 Hz and 60 Hz.

33. Find the Nyquist rates for these signals.

@  x(t)=15rect(300t) cos(10° 1t)
(b)  x(t) = 7sinc(40t) cos(1507t)

X(1) = rectf A2 [o( - 75) + &t +75]

70 Of-75 f+75
X(f) = - frectEf =+ t@—%ﬂ fus 2fz 190
(f) gof 0 40 O 40 wee

Solutions 7-16
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(©  x(t) =15 rect(500t) (100comb(100t)| cos{10° 7z)
Not Bandlimited. Nyquist rateisinfinite.

(@  x(t) = 4[sinc(500t) Ccomb(200t)]

©  x(t)=-2sinc(500t) Ccomb(200t)]| cos(10° 7t)

34. On one graph, plot the DT signal formed by sampling the following three CT functions a a
sampling rate of 30 Hz.
@  x(t)=4sn(20t) (b))  x,(t)=4sin(807t) ()  x,(t) = —4sin(407t)
35. Plot the DT signal, x[n], formed by sampling the CT signdl,
x(t) =10sin(8rt) ,

a twice the Nyquist rate and x(t) itsdf. Then on the same graph plot a least two other CT
sinusoids which would yield exactly the same samples if sampled at the same times.

X[n] s

36. Plot the magnitude of the CTFT of

2t [
Lol

What is the minimum sampling rate required to exactly reconstruct x(t) from its samples?
Infinitely many samples would be required to exactly reconstruct x(t) from its samples. If one
were to make a practical compromise in which he sampled over the minimum possible time
which could contain 99% of the energy of this waveform, how many samples would be required?

X(t) = 25sinc

Solutions 7-17
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(25sinc%(t/6))>

X(f)=150tri(6)

The maximum frequency present in s(t) occurswhere 6f =+1 or f = i% .

The total energy ismost easily found in the frequency domain,
1

® @ 6
E, = (|X(f)’df = [[50tri(6f) df =1502 [|tri(6f)|df
= JIX(0Y ot = s =150 o)

6
1

[y

E, =150 xzji\tri(af)\zdf =150° x 2[ (1-6f ) df =150° x2}(1—12f +3612)df
0

0 0

ol

1 m 6 120 012 0
E, =150*x2[ f -6f2 +12f3[6 =150% x 2 —— +———=150% x 2 = 2500
X 8 [ ]0 “°E 36 2160 ““BeH

From MATLAB smulation and trapezoida-rule integration the minimum possible time that
would contain 99% of the energy of the signal would befrom-3.9sto +3.9 s. Sample at times,
-3s5,0sand 3s.

37. Plot the magnitude of the CTFT of

X(t) =8rect(3t) .
This signa is not bandlimited so it cannot be sampled adequately to exactly reconstruct the
signal from the samples. As a practical compromise, assume that a bandwidth which contains

99% of the energy of x(t) is great enough to practically reconstruct x(t) from its samples. What
is the minimum required sampling rate in this case?

Solutions 7-18
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IX(f)P

X(f):gsinc%g

The total signal energy can be found most simply in the time domain.
1

° p & 64
E, = J; x(t)dt = L [8rect(3t)"dt = 64 J’l dt ==

From MATLAB smulation and trapezoidal-rule integration tﬁe minimum possible frequency
range that would contain 99% of the energy of the signal would be from -30.9 Hz to +30.9 Hz.

total Area=64/3 ; %romanalytical solution in time domain.
pt sPer Lobe=40 ; df =3/ pt sPer Lobe ; O%irst zero at 3 Hz, 20 pts per |obe.
nLobes=4 ; nPt s=pt sPer Lobe*nLobes ;
f=[0:df : nPts*df] ; X=abs((8/3)*sinc(f/3))."2 ;
pl=plot(f,S,'k') ; grid ;
set (pl, ' LineWdth',2) ;
title(' Problem9.3.11',"' Font Nane',"' Ti nes',' Font Si ze', 18) ;
x| abel (' Frequency, f (Hz)','FontNane','Tinmes') ;
ylabel (' | (8/3)*sinc(f/3)|"2",' FontNare', ' Tinmes') ;
set(gca, ' Position',[0.1,0.6,0.6,0.3],"' Font Name' ,"' Times') ;
loop="y"' ; area=0 ; f1=0 ; f2=df ;
while | oop=="Yy",
ar ea=ar ea+(abs(8/ 3)"2)*(si nc(f1/3)"2+si nc(f2/3)"2)*df/ 2 ;
disp(['f2 ="' ,nunkstr(f2),', Area = ',nunkstr(area)]) ;
if area>. 99*total Area/ 2,
| oop='n'
el se
f1=f 1+df ; f2=f2+df ;
end
end

38. A signd, x(t), is periodic and one period of the signal is described by

(=¥ 0<t<ss
0 , 55<t<8

Solutions 7-19
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Find the samples of this signal over one period sampled at a rate of 1 Hz (beginning at time,

t =0). Then plot, on the same scde, two periods of the original signal and two periods of a

periodic signal which is bandlimited to 0.5 Hz or less that would have these same samples.
x(0)=0,x(1) =3,x(2)=6,x(3) =9, x(4) =12, x(5) =15, x(6) =0, x(7) =0

Using MATLAB,

X = [#5.0000, —26.8492 + |3.8787, 6.0000 + j9.0000, 2.8492 - j8.1213,
- E—Q. 0000, 2.8492 + j8.1213, 6.0000 — j9.0000 , — 26.8492 — 3.8787i E

X(1), X, (t) and x[n]

20+

St
\/ \/ 1
% Sol ution to Exercise 38 in Sanpling and the DFT

close all ;

fs=1; Ts =1/fs; T=8; N=T/Ts ;

% Set up a vector of sanpling times, ts.

ts = [0:Ts: (N-1)*Ts]" ;

% Set up a vector of correspondi ng sanpl e val ues, xs.
xs = 3*ranp(ts).*rect((ts-2.75)/5.5) ;

% Set up vectors of times and signal val ues much cl oser
% for plotting the continuous signal, x.

nPts =256 ; dt = T/nPts ; t =[0:dt:(nPts-1)*dt]’
X = 3*ranp(t).*rect((t-2.75)/5.5) ;

% Find the CIFS of the signal, x(t).
[Xs,k] = CTFS(xs,ts, k) ;
% CGenerate the bandlinited signal, xbl, which passes through

% all the sanples, xs[n]. Sumall the conplex frequency conponents
% fromn =-N2ton=+N2.
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xbl = zeros(nPts,1) ; fO
for nn = -N2: N2-1, xbl

T ;
xbl + Xs(nn+N 2+1) *exp(j *2*nn*pi *f0*t) ; end

% Cean up any snmall imaginary parts left over due to
% round of f error.

xbl =real (xbl) ;

% Formtwo periods fromthe one period conputed so far for
% each time-domain function conputed; s, x and sbl.

xbl2 = [xbl;xbl] ; t2 =[t;t+T] ; x2 = [X;X]
XS2 = [Xs;xs] ; ts2 = [ts;ts+T] ;

% Plot the original signal, sanples and bandlimted signal.

p = xyplot({t2 t2,ts2},{x2, xbl 2,xs2},[0, 16, 0, 20],'\itt',...
x({\|tt}) x_b I({\|tt}) and x[{\ltn}] " Ti mes' 18,'Ti nes', 14, ...
"Times' ,24,{'n','n'",'n'},{'c d}{k k',"k'}) ;
set(p{l} Li new dt h' 05)

39. How many sample values are required to yield enough information to exactly describe these
bandlimited periodic signals?

(8 x(t)=8+3cos(8rt)+9sin(4m) , f =4, f,=

1
T, = least common multiple of 2sand 4SWhIChIS§ S.

At the Nyquist rate we would have 4 samples. We must have an integer
number of samplesin one period, sampled above the Nyquist rate therefore
we need 5 samplesand f, =10.

(b)  x(t) =8+3cos(77t) +9sin(4 1t)
40. Samplethe CT signal,

= 15% nc(5t) D% comb%% n(327t)

to form the DT signd, x[n]. Sample a the Nyquist rate and then at the next higher rate for
which the number of samples per cycle is an integer. Plot the CT and DT signals and the
magnitude of the CTFT of the CT signal and the DTFT of the DT signal.

x(t) = 15sin(3271) z sinc(5(t - 2m))

)= z rect%l—()%gf +16—g§— 5@1‘ —16—%%
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The highest frequency in the signal is 18.5 Hz. Therefore, the Nyquist rate is 37 Hz.
The periodis 2. Therefore 74 samples are required.

X(F —J—D rect%—%@z E_ﬂg %—E—ﬂ%Dcomb(F)

Theimpulsesat F = J_r% relative to integer values (which occur when k = £5), cancel each other
out leaving only the ones above and below.

At the next higher sampling rate 75 samples are required in 2 seconds. Therefore the sampling
rateis 37.5 Hz and

X(F) _Jﬁgi rect%—%@i %—%g %—%—%%Dcomb(ﬂ

41. Without using acomputer, find the forward DFT of the following sequence of data and then
find theinverse DFT of that sequence and verify that you get back the origina sequence.

{(}{d.{1{2 %3} ={34.1-3

No-1 _j2mk
X|k| = x{nle N
=3 n

3 3 _im
x[o]=zx[n]=3+4+1—2:6,x[J]:Zx[n]e‘2=3—j4—1—j2=2—j6
n=0
Sm
X[2] = zx[n]e m=3-4+1+2=2,X[q= Zx[n]e 2 =3+j4-1+)2=2+6

=
42. Redo Example 7-5 except with
X(t) =1+sin(87t) + cog(4 1)
asthe signal being sampled. Explain any apparent discrepancies that arise.
43. Sample the bandlimited periodic signal, x(t) =15cos(3007t) +40sin(2007t) a exactly its
Nyquist rate over exactly one period of x(t). Find the DFT of those samples. From the

DFT find the CTFS. Plot the CTFS representation of the signa that results and compare it
with x(t). Explain any differences. Repest for a sampling rate of twice the Nyquist rate.
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X(t) and x[n]
50+

4\ N
ol \1\/ \L/o.oz

X(t) from CTFS
50

T~ N\ L
\/ \/0.02

50 +
X(t) and x[n]
50

_50 |

~N [ \1/1/6.02 t
x(t) from CTFS
50

/\\//\\/602 t
44. Sample the bandlimited periodic signal, x(t) =8cos(507t) -12sin(807) a exactly its
Nyquist rate over exactly one period of x(t). Find the DFT of those samples. From the DFT

find the CTFS. Plot the CTFS representation of the signa that results and compare it with
X(t). Explain any differences. Repeat for a sampling rate of twice the Nyquist rate.

_50 |

X(t) and x[n]
20

.2
-20

X(t) from CTFS
20

/\ /N /N /N /
lv N4 N4 N4
20

x(t) and x[n]
20

.2
-20

x(t) from CTFS

i /\/\/\/\V/\/\/\I t
-Zolv \/\/ \/ \/ \/ \2

45. Using MATLAB,
@

Generate a pseudo-random sequence of 256 data pointsin avector, "X"
using the "randn™ function whichisbuiltinto MATLAB.
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Find the DFT of that sequence of dataand put it in avector, "X".
Set avector, "Xlpf", equal to " X".

Change all the valuesin "Xlpf" to zero except thefirst 8 points and the last 8
points.

Taketherea part of theinverse DFT of "Xlpf" and put it in avector, "xIpf".

Generate a set of 256 sampletimes, "t*, which begin with "0" and are
uniformly separated by "1".

Plot "x" and "xIpf" versus "t" on the same scale and compare.

What kind of effect does this operation have on a set of data? Why is the output array cdled

"XIpf"?

x(t) and xlpf(t)

3+

-3+

% Sol ution to exercise 45 in Sanpling and the DFT

cl ose all

X = randn(256,1) ; X =fft(x) ;

mask = [ones(8, 1); zeros(240,1);0nes(8,1)] ;

X pf = mask. *X ;

xlpf =real (ifft(Xpf)) ;

t =[0:255]" ;

p = xyplot({t,t},{x,xIpf},[0,256,-3,3],"\itt',...

"x({\itt}) and x_|_p f({\itt})"," Tines',18,...
‘Times', 14, ,'Tines, 24, {'n,'n},{'c . c},{K, Kk} ;

set (p{1},'LineWdth',60.5) ;

46. Samplethe signal, x(t) = rect(t), at three different frequencies, 8 Hz, 16 Hz and 32 Hz for 2
seconds. Plot the magnitude of the DFT in each case. Which of these sampling frequencies
yields amagnitude plot that looks most like the magnitude of the CTFT of x(t)?

47. Samplethe signal, x(t) = rect(t), at 8 Hz for three different total times, 2 seconds, 4 seconds
and 8 seconds. Plot the magnitude of the DFT in each case. Which of these total sampling
times yields a magnitude plot that |ooks most like the magnitude of the CTFT of x(t)?
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48. Sample the signd, x(t) = cog(7t) at three different frequencies, 2 Hz, 4 Hz and 8 Hz for 5
seconds. Plot the magnitude of the DFT in each case. Which of these sampling frequencies
yields a magnitude plot that looks most like the magnitude of the CTFT of x(t)?

49. Samplethesignal, x(t) = cog(rt), at 8 Hz for three different total times, 5 seconds, 9 seconds

and 13 seconds. Plot the magnitude of the DFT in each case. Which of these total sampling
times yields a magnitude plot that |ooks most like the magnitude of the CTFT of x(t)?
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