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Problem 1

= x.(t) below is passed through the system on the bottom. Determine the range of
values of T for which x,(t) = x(t).

X (j)
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Problem 1 Solution

= x.(t) passed through the system on the right. Determine the range of valuesof T
for which x,(t) = x(t).

X.(j2)
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—> C/D —> D/C —>
N0 x[n] X, (1)
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= Solution: QT <rx
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Problem 2

" Forthe system below, assume x,(;Q)=0, |Q>z/T;,. Express y.t) in terms of x(t). Is
the relationship differentfor 7, > T, and T; < T,?

—1 /D

1

D/C

Y
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Problem 2 Solution

" Forthe system below, assume x,(;Q)=0, |Q>z/T;,. Express y.t) in terms of x(t). Is
the relationship differentfor 7, > T, and T; < T,?

—- C/D > D/C p—
xe (1) x[n] yel)
=  Solution: T !
X (GQ)
X, (jQ)=0, |Qz7/T, 1
x[n]=x,(nT})
=, W,
X(ej"))
X(eja))zl E“ ol J Q_@ l/Tl
1 k=—oo L I
g -
~T T o
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Problem 2 Solution (cont’d)

C/D > D/C p—
x[n] v (1)
T

T;

y.(t) is a bandlimited interpolation of x[n] at a different period than T,

Y.(jQ)=H JQTZ
; 1 & o 2rk N
X JOY _ o i iadid .
TXef% \a\m/Tz ()72 C[’[Tl f D "
otherwise 1/T,
o Qr,
7, Y X %_@ ‘Q‘<7z/T2 /\ X(ej )
=1L '\ T / N
otherwise T T T T Q/
LT L T
f)=— Q)e’dQ .
()= 1 %.9) G0
=—= [ ¥ X.|J dQ
27 Ty iy koo LT
L |5
yc(t):i el =t - -
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Problem 3

= Consider the following system.

= Sketchandlabel Y,(jQ) when: T C/D |—>{ H(ei») —>{ D/C —(»)
x.(t y(t
) L=l i A
Tl Tz T T,
b) i=L=2X104 X.(jQ)
I T
1
¢) I ooxiot Lo
I I
d) i:104 L=2><104 27 X5%x10° 2w xX5x%x10° Q
I I
H(el®)
1
l I
=7 _E 1 a w
2 2
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Problem 3 Solution

a) —=—=10"
L I,
—>| /D |—>{ H(e/») > D/C ——>
x,(f) r T ye(?)
T, T,
X.(Q)
/1\
27 X5X10° 27w X 5%10° QO
H(ej“’)
1
1 |
=T _z z a w
2 )
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T
1«'.x5x103 Q
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Problem 3 Solution (cont’d)

b) R R T
L T,
—>| /D |—>{ H(e/») > D/C ——>
x,(f) r T ye(?)
T T
X ()
/ \
2 X5%X100 2@ X5%X10° QO
H(ej“’)
1
1 1
=T _z z a w
2 2
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Problem 3 Solution (cont’d)

¢) 1ot Lot
T, T,
—> /D —>{ H(el) > D/C ——>
x,(f) r T ye(?)
T T
X ()
/ \
2 X5%X100 2@ X5%X10° QO
H(ej“’)
1
1 1
=T _z z a w
2 2
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Problem 3 Solution (cont’d)

d) Lot Looxe
L T,
—> /D —>{ H(el) > D/C ——>
x,(f) r T ye(?)
T, T,
X ()
/ \
2 X5%X100 2@ X5%X10° QO
H(ej“’)
1
1 1
=T _z z a w
2 2
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Problem 4

= Considerthe following system

xe(t) xq[n] Ye(t)
s(ty — =1 H(jQ) C/D Sys. A C/D = waln]
T Tl hl(f) T
1, |0 1073 rad/ S
, ) < m-1077 rad/sec e . . )
i) i) — . System A:  y.(t) = xqlklhy(t — KTY)
H(j&y):  H(Q) { 0. [Q>7-1073 rad/sec el ,\_:Z_X ikl !

First C/D:  24[n| = x.(nT) Second C/D:  y4[n] = ye(nT)
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Problem 4 (cont’d)

= Considerthe following system

e(t) zaln) (t)
s(t) 7| HUQ) C/D Sys. A C/D = yaln]
T T /I-l(f) T
o0
, , 1. |Q <7-1073 rad/sec Sve : _ .
O 0 — ‘ System A:  y.(t) = xqlklhy(t — KTy) ==
H(j): H{j) { 0, |9 >m-1073 rad/sec () L:Z_x i

First C/D:  24[n| = a.(nT) Second C/D: ya[n] = ye(nT)

Part-1: What does System Ado?
Solution: It converts the DT signal x,[n] into a CT signal y(t) filtered by h,(t).

)

Wil 5w (0= S xkeE-k) o v (0)=x(0)%h(r)

f=—c0

(covert samples to impulses (convolve x(t) with C.T. filter hy(t))
placed at multiples of T,)
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Problem 4 (cont’d)

PR -

~ - ~

(/[l?c(t)l xq[n] (:yc(t)l
s(ty /=1 H(jQ) == C/D Sys. A == C/D = wyaqln]
T Ti ha(t) T
e 1073 rad/ -
1. Q) <m-1077 rad/sec e . _ X
0 FO)) — ‘ System A:  y.(t) = wqlklhi(t — kT)) <—
H(j&Y): H{jQ) { 0. Q> m-1073 rad/sec (¥ k;x alkla )
First C/D:  24[n] = 2.(nT) Second C/D:  yg4[n] = y.(nT)

Part-2: Specify a choice for T, T; and h,(t) so that y.(t) and x.(t) are guaranteed to be
equal for any choice of the input signal s(t).

Solution

= x/(t)is bandlimited to [Q, =7-107rad/s| because s(t) was filtered by H(jQ) with that cutoff frequency

=  To guarantee equality of x(t) and y(t), Tis chosen to be sufficiently small to avoid aliasing from the
first C/D converter, and System A can be an ideal D/C converter with the same sampling period.

= We haveno aliasing when |Q.T'<z = T <1000s

_sin(zt/T)

= System Ais an ideal D/C converter when h(t) is an appropriate sinc function |4, (¢) T
it

u T1:T
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Problem 4 (cont’d)

-

s(t) —=| H(jQ)

{2e(t),)

N - -

H(jQ): H(jO) = { 5

First C/D:  24[n] = 2.(nT)

Q)
Q)

< m-1073 rad/sec
> 1073 rad/sec

xq[n]

-

- ~

C/D

T

T

‘:.Uc(t),\'\
Sys. A °===| C/D = yun]

P T

Tl /I-l(f) T

o0
System A: ;Z/C(t) = Z md[kf] hy (T - LTl) '
k=—00

Second C/D:  yq[n| = y.(nT)

Part-3:Is the choice in Part-2 unique for T, T; and h,(t) for y(t) and x.(t) to be equal
for any choice of s(t), or are there other choices ?

Solution
= AnyT<1000sworks
= T, mustbeequaltoT

=  What about the choice of hy(t)? If we choose T < 1000s, then:

xT

X,(e’”), DTFT of x, [n], is zero for 1000 < <7
= X (jQ), CTFT of x,(¢), is zero for T Q<=
10007, 1000 T

H,(jQ),CTFT of h, (), can be anything in that frequency range

T Q< /1000
H, (jQ)=| anything 7/1000<|Q|<7 /T
0 Q>7z/T
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Problem 4 (cont’d)

2o(t) (2q[n]) Ye(t) L7
s(t) —={ H(jQ) C/D == Sys. A C/D = {yln]
T v (1) T
o0
. . 1, |Q <7-1073 rad/sec o _ .
i) Q) — ‘ System A:  y.(t) = wglk)hy(t — kT)) <
H(j&): H(jQ) { 0. [Q > 71073 rad/sec () k:z_:x i )

First C/D:  aqln] = 2o(nT) Second C/D:  yy[n] = y.(nT)

Part-4: Determine the most general conditions you canon T, T; and h,(t) so that y,[n]= x,[n]
(condition called consistent resampling). Consider what happens x,;[n] = [n - ny] for an integer
ng.

Solution: System A constructs a CT signal y(t) from x,[n], which is then resampled to obtain y,[n]. The
resampling is referred to as consistentif y,[n]=x,[n].

= SystemA takes each sample of x,[n] and replaces it with h,(t) delayed by nT, and scaled by x,[n] at that
point.

= The C/D converterresamples theresult

X4 [n]=5[n—n0] = y.(t)=h(t-nT)

v n]=y.(nT)=h (nT —n,T,)

consistent resampling = &, (nT —n,T;)=6[n—n,]

= Becauseof linearity between x,[n] and y,[n], this is the only condition that must be checked
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Problem 4 (cont’d)

xe(t) (2q[n]) Ye(t) L7
s(t) — = H(jQ) C/D P=—==|Sys. A C/D = {yaln]
T Tl /I-l(f) T
o0
: . 1, |Q <7-1073 rad/sec e o _ . .
0)- Q) = ‘ System A:  y.(t) = wqlklhy (t — kT)) <
H{): 2 { 0, [Q]>7-1073 rad/sec ) k:z_:x ki

First C/D:  24[n] = x.(nT) Second C/D:  yq[n] = y.(nT)

h (nT =n,T;)=6[n—n]

evaluatingatn=n,: 1=h(nT—nT,)=h(n(T-T,))
=
evaluating at n#n,: 0="h (nT —nyT})

The case of practical significanceis when T=T,. Then

evaluating at n=n,: 1="5(0)

evaluatingat n#n,: 0="h (¢),t=mT,m#0
Therefore, h,(t) should satisfy an interpolating condition: h,(0) = 1 and h,(t) = 0 for all multiples of T.

It doesn’t matter what h,(t) is for other values of t.
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