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苟日新，日日新，又日新。

——《礼记·大学》
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Introduction
• Successive transmission of discrete data messages is known as digital 

communication.

• Binary logic familiar to most electrical engineers transmits some positive 
voltage level for a 1 and another voltage level for a 0 inside integrated 
circuits. Clearly such 1/0 transmission would not pass through a linear 
time-invariant channel(that has the Fourier transform indicated).
Instead the two modulated signals x0(t)=+cos(2πt) and 
x1(t)=−cos(2πt) (Binary Phase-Shift Keying) will easily pass through 
this channel and be readily distinguishable at the channel output. 

• For the antenna example, a real waveform at the input in the 
appropriate frequency band is converted by the input antenna into 
electromagnetic radiation, part of which is received at the receiving 
antenna and converted back to a waveform.
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• The function of a channel encoder, i.e., a modulator, is to convert the 
incoming sequence of binary digits into a waveform in such a way that 
the noise corrupted waveform at the receiver can, with high probability, 
be converted back into the original binary digits. 

• This is typically done by first converting the binary sequence into a 
sequence of analog signals, which are then converted to a waveform.

• Waveforms denoted as arbitrarily varying real or complex valued 
functions of time.

• An individual waveform from an analog source should be viewed as a 
sample waveform from a random process. These waveforms are a 
priori unknown, so much mathematical precision is necessary here.

• Here the focus is on ways to map deterministic waveforms to 
sequences and vice versa.
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Finite energy waveforms
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Lebesgue Integration and L2 functions

8

• Every piecewise continuous function is Riemann integrable. Lebesgue integral 
can handle a very large class of functions, including all the Riemann integrable
functions, but also even very discontinuous functions. In fact, it’s safe to say 
that it can integrate any function that one actually needs in mathematics in real-
life applications.

• The passage from Riemann’s theory of integration to that of Lebesque is a 
process of completion. It is of the same fundamental importance in analysis as 
is the construction of the real number system from the rationals. 

• Whenever the Riemann integral exists (i.e., the limit exists), the Lebesgue 
integral also exists and has the same value. The familiar rules for calculating 
Riemann integrals also apply for Lebesgue integrals.

• For some very weird functions, the Lebesgue integral exists, but the Riemann 
integral does not. There are also exceptionally weird functions for which not 
even the Lebesgue integral exists.
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Linear Time-Invariant System
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Fourier series
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Fourier Theorem
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Fourier Transform and L2 Waveforms
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A Few Standard Fourier Transform Pair
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The DTFT and the Sampling Theorem
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Aliasing and Degrees of Freedom
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Vector space
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Orthonormal Bases and the Projection Theorem
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贤者以其昭昭使人昭昭，今以其昏昏使人昭昭。
——孟子·尽心下


