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ﬁ:ﬂ'a)Any rontinuous-time signal, (b) Spectrum of continuous-time signai,
) Impulse train as sampling function, (d) Multiplier, (e) Sampled signal,
(f) Spectrum of sampled signal.
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The periodic impulse train 5,.(0) is called the samplicg function. The sam.
. T ; :
pling period of a periodic impulse train is denoted by 7. Also, ttl;e frlcc:r rocal of
sampling period 7, is known ps sampling frequency f, Thus, t infdamenta]
equency of the periodic impulse train 85,(f) is given as

n
w, =5==2nf.

T
This is also known as angular sampling frequency. ol
Thus as discussed in last article sampled signal in time-domain 18 given as
Also, the sampled signal in frequency domain 18 expressed as
&) = x(t) 84,(8)
x(t) = continuous-time signal
844(f) = periodic impulse train.

where
and

g 1 : : ~.[(6.10
g X(jw~n Jo } )
G{jw) T, ,“E- (s £

6.6. Zero-Order Hold Sampling

As discussed in article (6.3), the sampling theorem may be easily described in
terms of impulse-train sampling. In fact, the sampling theorem establishes a rela.
tionship between band-limited continuous-time signal and its discrete-time ver-
sion, Paractically, it ig quite difficult to generate and transmit narrow, large-ampli-
tude pulses which approximate impulses. Due to this reason, it 1s often more
convenient to produce the sampled signal in a different form knnw_n as zero-order
hold. The zero-order hold system samples a continuous-time signal x(t) at any
given instant and hold this value until the next instant at which another sample is
taken. This procedure has been illustrated in figure 7.7.
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Fig. 6.7. lllustration of zero-order hold sampling.

The reconstruction of a given continuous-time signal x() from the output of a
zero-order hold system may be accomplished again by low-pass filtexing. In this
particular cas, the desired low-pass filter has no longer constant gain in its pags-
band. To develop the desired filter characteristics, let us first note that tha output
() of the zero-order hold may be geperated by inpulse train sampling follwed by
" mﬁ:ﬁ:m-hm LTT system with a reetangular impulse response as shown in
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Fig. 6.8. Nustration o

ion of a zero-order hold system as impulse-train sampiing followed
by an continyous-time LTIsystem with a reciangular in pulse response.

Thus, to construct a continuous-time

: C signal x(¢) from the oulput of the zera-
order hold x,(8), we consider processing x,(¢) with continuous-time LTI system
with impulse-res

: ponse A (t). Its frequency-response then would be denoted by
H,(w), Figure ¢.9 shows the eascade of zero-order hold system with a recon-
- struction low-pass filter of figure 6.5,

" The impulee response ho(t) is defined ng

.(8.11)
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Frequency response f(jw) may be determined by taking CTFT of the ig,.
response h (t) as

| Hyfjw) = CTFT [hy(t)] = jfr,,{r.} &%t (8,12)
1 ot - JoT, = je(() ~joTs 4
- - ] e s
L ‘H'I}OGJ} = f'l.ﬂ 'imrdl - [(—INL = = —_I‘L') = Ji1)
0
' ~pl Ty (2) [ —jwTlsi2 _ =~ JaTs/2 ]
W — |
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or M) =2 " .sm(ﬂ) = g THE) L2 (B.13)
(] 2 0
Thus, ff&q}lﬂncy response H (jo) may be determined as
H(jw) = Hy(ju). H (o)
; H(jw) .
or H (o) = =l ..(6.14)
f{m} Hu (Jm) : ; I-
Now, substituting the value of H,(jm) from equation (6.13), into equation :
(6.14), we have i
. H{jw) H{(jw) MY F( jm) :
or H(jo) = —— = . = S .(6.15) :
A Hy(jw) e:r‘wm‘z[ _Esinwi'hz'ﬂJ f 2sin wTs /2 ] e
)] L t

As an example, with a cui-off frequency of H(jo) equal to @ /2, the ideal
magnitude and phase for the reconstruction low-pasg filter following a zero.
order hold has been shown in figure 6.10.
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R Fig. 6.10. Mustoationof magnitude and phose for the reconstruction
. (low pass) fulter for a zero-order hold,

_ Note : However, practically the frequency response described by the equa-
can not be realized and hence we design an adequate approximation to it. In
, in saveral situations, the output of a zero-order hold is taken as an ad-
ate approximation to the original continuous-time signal by itself, without
y additional low-pass filter (LPF).

alation is one such method which is used to recover a continuous-
from its samples.




