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c.  Analog frequency = 0.31 of sampling rate
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d.  Analog frequency = 0.95 of sampling rate
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a.  Analog frequency = 0.0  (i.e., DC)
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b.  Analog frequency = 0.09 of sampling rate
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FIGURE 3-3
Illustration of proper and improper sampling. A continuous signal is sampled properly if the samples contain all the
information needed to recreate the original waveform.  Figures (a), (b), and (c) illustrate proper sampling of three
sinusoidal waves. This is certainly not obvious, since the samples in (c) do not even appear to capture the shape of the
waveform. Nevertheless, each of these continuous signals forms a unique one-to-one pair with its pattern of samples.
This guarantees that reconstruction can take place.  In (d), the frequency of the analog sine wave is greater than the
Nyquist frequency (one-half of the sampling rate).  This results in aliasing, where the frequency of the sampled data is
different from the frequency of the continuous signal.  Since aliasing has corrupted the information, the original signal
cannot be reconstructed from the samples. 
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Two terms are widely used when discussing the sampling theorem: the
Nyquist frequency and the Nyquist rate.  Unfortunately, their meaning is
not standardized.  To understand this, consider an analog signal composed of
frequencies between DC and 3 kHz.  To properly digitize this signal it must
be sampled at 6,000 samples/sec (6 kHz) or higher.  Suppose we choose to
sample at 8,000 samples/sec (8 kHz), allowing frequencies between DC and 4
kHz to be properly represented.  In this situation there are four important
frequencies: (1) the highest frequency in the signal, 3 kHz; (2) twice this
frequency, 6 kHz; (3) the sampling rate, 8 kHz; and (4) one-half the sampling
rate, 4 kHz.  Which of these four is the Nyquist frequency and which is the
Nyquist rate?  It depends who you ask!   All of the possible combinations are


