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In this section, we will very briefly familiarize ourselves with the concept of information and
communication system, since our main goal is to transmit or receive the former with the
latter. Although we have a common sense for what information is, it will be nice to have
something a bit more formal. We will not go into the rigorous mathematical definitions (as
they themselves require an article at the very least, and we are more focused on the practical
applications) but only get a basic sense of the ideas and concepts.

1 How do we quantify information - bits and signals

One of the most natural questions to ask when transmitting information is ”What is Infor-
maton?”. This question may have some very broad philosophical answers, but we are only
interested in the engineering problem of reproducing as closely as possible a message at a
given point, with respect to some original message at some starting point. This message
might have meaning of course, this meaning is with respect to some language, coordinate
system, etc., but we will not care about these. Therefore, for us information will simply be
an element from a set of possible elements, which we must represent as closely as possible.
As an example, consider the English language. There are 26 letters in the English alphabet,
and so there are 26 possible 1-letter words at most. Allowing for repetitive letters, there are
26× 26 = 262 = 676 possible 2-letter words. Of course, most of those are not real words (for
example ww, ao, ot), but this is the upper maximum for 2-letter words in a language with
such an alphabet. Continuing this logic, we can say there are a total of 263 = 17576 possible
3-letter words at most and so on. If we consider the longest word to be 45 letters long, then
we just need to add all the possible words from 1 to 45 letters long to get the maximum
possible amount of words:

Nmax =
45∑
n=1

26n = 26 + 262 + 263 + ...+ 2645

This is, of course, far greater than the actual number of words in the English language, but
it is a simple way of seeing that the total number of words must be finite, since this is a
finite number and it is certainly larger than that. Therefore, we can see a word as a single
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element of the set of all possible words.
Since the number of words in a sentence is finite, we can extend this logic and see a message
as a single element of the set of all possible messages (finite once again). We can then use this
number of total messages in the set, or a monotonic function of it (so its reversible) to define
a function, which tells us ”how much information” has been produced when we choose one
specific message from the set, provided that all choices are equally likely. The most natural
choice is the logarithmic function, for several engineering and mathematical reasons. The
choice of the logarithm’s base corresponds to a choice of an information measuring unit. For
example, if the base is 2, the resulting units are called binary units or bits. A device with two
states (for example an on-off switch) can store a single bit of information. N such devices
can store N bits since each one can be in one of two states and they are independent - a
total of 2× 2××2...× 2 = 2N states. Notice that log2 2N = N by construction and so the
logarithm of base 2 gives us the amount of devices (each with 2 bits) as an effective measure
of information keeping capability. There is nothing special about base 2 mathematically, but
the most used devices used are 2-state systems and so bits are perhaps the most practical
units.
The examples we considered so far correspond to a discrete channel - an information system
where there are only an enumerable number of elements (even if they are infinitely many).
To see what this means, suppose that we drop the restriction of 45-letter words in the English
language and allow for words of any length. Obviously this will make the elements in the set
infinitely many, but they will still be enumerable, since we can order the letters and there
are just 26 possible letters for each position.
A continuous channel, on the other hand, does not have this property - in it the set of
elements is not just infinite, but not enumerable. As an example, consider the letters A−Z
to correspond to the numbers 1− 26. In the discrete channel example, there are exactly 26
possible letters and each position can only have one of those numbers (1, 2, ..., 26). We can
say A < C with the correspondence A = 1, C = 3 and so we can order the 26 symbols and
call A the ”smallest” and Z the ”largest” for example. In the continuous channel example,
this is not possible, since apart from the numbers (1, 2, ..., 26), we have infinitely many in
between them (e.g. 1.5, 2.667, π). We cannot order these elements, since there are infinitely
many elements between each two and now the possible words will be infinitely many, even
if we restrict ourselves to the 1-letter case (since we have infinitely many possible letters).
Another example of the relation between the two types of channels is the following:
Consider two switches such that switch 1 is a simple on-off device and only has these two
states, while switch 2 can continuously move between its on and off modes. The complete
configuration space for the first switch consists of just two points {0; 1}, while that for the
second switch consists of a whole line segment [0, 1] - the points 0, 1 and all of those in
between (infinitely many). In a sense, the continuous case has infinitely many more possible
states than the discrete case. In practice, however, there will always exist some measurement
error which limits our ability to work with truly continuous systems and effectively makes
every system discrete - for example, we cannot differentiate between two positions of the
macroscopic switch which are just a few micrometers apart!
We will see that the concepts of discrete and continuous functions are very important. We
will also see that we can go between the two with certain accuracy and that both are crucial
for antennas and communication in general! We will generally call a continuous function of
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time signal (this may be electric field magnitude, current, etc.).

2 Communication system

By a communication system, we will understand a system, consisting of the following ele-
ments (schematically represented on Fig.1):

1. An Information Source - a device which produces messages to be communicated to the
receiver. These messages may be of different types - they may be discrete (for example
consisting of alphabetical letters and forming words), or continuous (for example an
electric current as a function of time I(t), representing continuous change of color for
a pixel).

2. A Transmitter - a device which takes the message as an input and converts it to some
suitable form, which can be transmitted over the channel. This may be a piezoelectric
element which turns pressure waves into currents and so converts sound into electric
signals (for example in a telephone), or in our case, a device which modulates electro-
magnetic waves with the required information.

3. Channel - the physical medium over which the signal is transmitted. This can be a
coaxial cable, it could be a specific band of radio frequencies or even a beam of light.

4. A Receiver - a device which performs the opposite operation of that of the transmitter
- it converts the message back to its original form (which was originally the input of
the transmitter).

5. The Destination - the thing for which the original message was intended.

6. Noise Sources - these are not really part of the system, but they are an inseparable part
of it nevertheless. Noises will modify the signal, making the received message slightly
(or very) different from the original message, sent by the information source. They
can occur within any of the elements listed above, but even with perfect instruments,
random noises will always appear in the channel and so noises will always be present.
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Fig.1.1 A schematic representation of our communication system

We will later specify more clearly what communication system we will be dealing with -
a satellite transmitting to or receiving from a ground station (shown schematically on the
figure above) but these definitions are valid for a very broad range of communication systems.
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