ECE 438 Homework 3

1. (a)
zln] = d[n + 1] — o[n] + d[n — 1]
yln] = 5 {eln] +aln — 11}
_ %{5[71 +1) = 5[] + 6[n — 1] + 6[n] — 8n — 1] + d[n — 2}
= S0+ 1]+ 53l 2]
(b)

hn) = %{5[71] +6[n—1])
Convolution of h[n] and z[n]:
yln] = hin] x z[n]
= {0l + 810 — 1)} + {310 + 1) — 8ln] + on — 1}
_ %{5[71 +1)+8fn— 2}

1 1
= 5(5[77,—1- 1]+ 5(5[71 — 2]
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Hw) = 5[1 + e Y]

Hw) = Z h[n)e~9“"
=S %{5[n}+5[n—1}}e—jwn
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(d)

= Y O+ 1] — d[n] + d[n — e n

= Zij_jo—l— e —1
Y(w)=Hw)X(w)

= 5(1 +e ) (e + e — 1)
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— Zpiw ~ 2w
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yln] = 5

(@) z(t) = rep i [rect(6000t)]
(b) The sketch is shown below.
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(c) Using CTFT Tranform Pairs:

rect(t) <> sinc(f)

reprlr(t)] ¢ comby [X(/)]

The Fourier Transform is:

X (f) = 2000combango| sinc(

1
6000

1 [e.e]
— 5 Z sine( — 2000k)

—jw)

6000 )



. This is the k = 2 term in the above summation. The amplitude is
(d) The sketch is shown below. (1/3)sinc(2/3) = (1/3)sin(2pi/3)/(2pil3) = sqrt(3)/(4pi)

Thisisthe k=1 termin the
above summation. The
amplitude is correct as shown

As shown, the amplitudes of
these terms should match
those on the other side of the _'-_
X(f) axis, since |X(-f)| = [X(f)]| “?‘

(T The dotted line

=) shows (sinc(/6))/3

=1 T T ‘ ey “jAl.\ fkH2)

which has amplitude
(sinc(3/3))/3 = 0, as shown

-2 b B -b -¢¥ -2 2« /ﬁ
e This is the k =5 term. The
,151%_ —;l-_“ Thisis the k = 3 term, amplitude should be -sqrt(3)/(10pi)

This is the k = 4 term.
The amplitude is correct
as shown.

(e) From c part, the Fourier Transform is:

[e.9]

X(f) :% 3 sinc(g)é( £ — 2000k)

=—00

The direct inverse CTFT of X (f):

o[}

= Z %sznc(g)/ 5(f — 2000k)e?* It af

k=—o0

> sinc(g)é( f — 2000k)e’2 /'t qf

k=—00

o0

-y lsmc(ﬁ)ejmooom
3 3

k=—o00

So, the Fourier coefficient is X}, = $sinc(£).

() y(t) = 2(t) x rect(z75=5) = x(t) X rect(1%%)
(g) The sketch is shown below.

~ y(t) Total 6 periods

This is not the right place to use

ellipses, since they suggest that y(t)
@—/‘ continues forever, whereas there are

" only 6 periods, as stated. It would be

— e ' ] 1 ' T, better to draw them explicitly.
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allebach
Text Box
This is the  k = 1 term in the above summation. The amplitude is correct as shown

allebach
Pencil

allebach
Text Box
This is the k = 2 term in the above summation. The amplitude is (1/3)sinc(2/3) = (1/3)sin(2pi/3)/(2pi/3) = sqrt(3)/(4pi)

allebach
Line

allebach
Text Box
This is the k = 3 term, which has amplitude (sinc(3/3))/3 = 0, as shown

allebach
Text Box
The dotted line shows (sinc(f/6))/3

allebach
Line

allebach
Pencil

allebach
Pencil

allebach
Pencil

allebach
Text Box
This is the k = 4 term. The amplitude is correct as shown.

allebach
Pencil

allebach
Text Box
As shown, the amplitudes of these terms should match those on the other side of the X(f) axis, since |X(-f)| = |X(f)|

allebach
Text Box
This is the k = 5 term. The amplitude should be -sqrt(3)/(10pi)

allebach
Pencil

allebach
Text Box
This is not the right place to use ellipses, since they suggest that y(t) continues forever, whereas there are only 6 periods, as stated. It would be better to draw them explicitly.


(h) Using the Fourier Transform Pair rect(t) <> sinc(f) and the convolution theorem

x(t) * h(t) = X(f)H(f), the Fourier transform:

3 3
V) =X+ 10008inc(10£0)
L~k L 3f
=3 k;oo smc(g)é(f — 2000k) * 10()0$mc( 1000)
1 <~ . k.. 3(f—2000k)
= 1000 kz_:oo smc(g)smc(—looo )

(i) The sinc(3f/1000) function is replicated every 2 kHz. The zeros-crossings occur at
interval 1/3 kHz. So there should be 6 zero-crossings between each replication at
interval 2 kHz. The kth replication of sinc(3f/1000) centered at %kHz, is weighted
by sinc(k/3).

The sketch is shown below.

This should be sinc(f/6), which has its first zero-
crossing at f = 6, as shown in the sketch for part
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allebach
Pencil

allebach
Text Box
2k
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Pencil

allebach
Text Box
This should be sinc(f/6), which has its first zero-crossing at f = 6, as shown in the sketch for part (d). This corresponds to k = 3.


3. (a) The plot is shown below.
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(b) The plot is shown below.
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(c) Apply the Fourier Transform pairs

cos (27 fot) > %((5(f — fo) +o(f + fo))

combr[z(t)] < %7"629; [(X(f)]

Xy (f) = %(w —1000) + 8(f + 1000))

Xo(f) = %(5(;—’ ~3000) + 3(f + 3000))

XHf) = 40007"6]94000[%(5( f —1000) + &(f + 1000))]

— 4000 i [%(5( £ — 4000k — 1000) + 6(f — 4000k + 1000))]
k=—o00

X3(f) = 4000?"6}94000[%(5( f—3000) + &(f + 3000))]

= 4000 i [%(5( £ — 4000k — 3000) + &( f — 4000k + 3000))]
k=—o00
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(d) Apply the Fourier Transform pairs

cos(won) = T X repag[0(w — wo) + d(w + wo)]

20007r) Fow 20007
w
4000 4000

)]

X1(w) = 7 X repag|d(w -

> T T

— —onk— = _9 z
szzoo((S(w mk 2)+(5(w k + 2))
60007 60007
2000 ) T 0@+ 5007

=7y (5(w—27rk—3§)+5(w—27rk+3§)>

Xo(w) =7 X repog[0(w —

k=—00

‘
wi=t
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F

(e) In part a, signals x;(t) and x4(t) are different from each other. However, both signals
would appear the same after sampling, as shown in part d. This is becauseVthe selec-
tion of the sampling frequency. Similarly, when looking at the CTFTs and DTFTs of
the two signals, although both appear to be different, they are actually the same.
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4. Same as problem 2,

X(f)=5 3

T

o

sinc(g)é(f — 2000k)

k=—00

and the sketch of X (f) is shown below.
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See corrected sketch
for Prob. 2(d).
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The block diagram of the described process is shown below.
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allebach
Text Box
See corrected sketch for Prob. 2(d).
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Text Box
z(t)

allebach
Pencil
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Text Box
sqrt(3)/(4*pi)

allebach
Pencil
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Text Box
-sqrt(3)/(10*pi)


(@) f.=TkHz, f, = 14kHz

After low pass filter: ({
x($) @M

This is product,
not convolution

Y 2 (F)

—>
[omega (rad/sample)|

I think that we should
assume that the filter gain
of the D/A converter
restores the frequency
components in z(t) to their
original amplitudes, taking

5 & |+ 1
ikl
" | S
% ¢ 2 | 3 4{ b F(kH2)
After sampling: SarE)/@"pi)
S{w) Sqri(3)/14e3, using delta(axf_0) = Uja|
| *delta(x - f_0/a)
TE’ & “T@rl S
g5 |
N This should be
After filtering: (1) (5/7)*sqrt(3)/14e3
P 1 This should be
I% ,I_;S_ @ (3/7)*sqrt(3)/14e3
Em - -~ I 2 :"-
il it I S SFC T
After D/A
Y(f)
ch SK |4 €T
L - | ‘l-;_
+ 4 2 T poF(e ke

[(5/7)*sart(3)/(2*pi) | [G7)*sart@)/(api]

The cutoff frequency is % = 7 kHz.

17y sa@)/2+pi) |
1 )
Y(f)= 3 I(f)+ (5(f—2000)+5(f+2000))+
L, OV3)
y(t =3 + cos(27r2000t) += 0s(2m4000¢)

3/7)*sqrt(3)/pi

(5/7)*sqrt(3)/pi

10

into account the filter which
passes the DC component
with no change, and
attenuates the 2kHz term by
5/7and the 4kHz term by
3/7.

5(f — 4000) 4 6(f + 4000))

(3/7)*sqrt(3)/(4*pi) |
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This is product, not convolution
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This should be (3/7)*sqrt(3)/14e3
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pi
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Line
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omega (rad/sample)
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sqrt(3)/(4*pi)
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Text Box
sqrt(3)/14e3, using delta(ax-f_0) = 1/|a|*delta(x - f_0/a)
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Text Box
sqrt(3)/(28e3)
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Text Box
This should be (5/7)*sqrt(3)/14e3
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Text Box
I think that we should assume that the filter gain of the D/A converter restores the frequency components in z(t) to their original amplitudes, taking into account the filter which passes the DC component with no change, and attenuates the 2kHz term by 5/7and the 4kHz term by 3/7.
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(5/7)*sqrt(3)/(2*pi)
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Text Box
(3/7)*sqrt(3)/(4*pi)
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(5/7)*sqrt(3)/pi
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3/7)*sqrt(3)/pi
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(5/7)*sqrt(3)/2*pi)
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(3/7)*sqrt(3)/(4*pi)


(b) f.=TkHz, f; = 9kH~z |Please see pp. 13-15 of this document for a solution to Problem 4(b). |

After sampling:

(T
13500
FELTPE
| I
121 <Ba 4w | 4r Bx I2x
9 9 9 9 9 0
After filtering:
9 Dlw) 9
T
B s A0y o
0 Ig T 9-T- 9
~Ln ~8n -Am T In 8x mx
9 9 9 0 9 0
After D/A:
Y ()
'.-'@ ] 's-'@ -é-‘- 5 '.-'@ '.-'@
'IS;‘.‘Ilﬁf T187 187

[ L
+ 4 2 T2 4 T f(kne)

Since the input signal and the low pass filter are the same as part a, the low pass fil-
tered signal for part b is the same as part a.
The cutoff frequency is % = 4.5 kHz.

Y(f) = %5(]6) + %E((S(f —2000) + 6(f +2000)) + g@(f —4000) 4 6(f + 4000))
y(t) = % + 51?\/5005(27&0000 + 18@603(2#40001&)

11


allebach
Text Box
Please see pp. 13-15 of this document for a solution to Problem 4(b).


(C) fc = 3kHz, fs ="TkHz |Please see pp. 16 and 17 of this PDF document.

After low pass filter:
X(£) % Hopn=2(f)

~ 3 &
a3
2 | a3 FKH=)
After sampling:
P sw
10500
i
‘- .
...{I__:rr I ,1_?1- W
7 7
After filtering:
oz O
|
a1 N
~dr 1 odx > w
7 T
After D/A
Y(f)
33 + 3V3
14m 147

The curoff frequency is % = 3.5 kHz.

Y(f) = %w) + %f(w —2000) + 5(f + 2000))
y(t) = % + ?;T\/ECOS(QWQOOOt)
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This is correct
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Text Box
Please see pp. 16 and 17 of this PDF document.
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