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1 INTRODUCTION

This assignment invalves looking into analogue communication systems in order to be able
to analyse and manipulate a range of signals mathematically in both the time and frequency
domains. An understanding of how frequency modulation is done in various analogue systems such
as radio must be demonstrated.

In order to achieve the above, background research will be done on the development of
radio systems to gain a better understanding of how these systems have been improved and how
they have an effect on the modern world. Furthermore, a practical must be done along with
calculations to see the effect of changing various parameters has on modulating a signal.




2 RESEARCH INTO RADIO SYSTEMS

2.1 DEVELOPMENT OF RADIO
The development of radio systems has a very long history dating back to the 1860s where a

Scottish physicist James Clerk Maxwell theorised the existence of radio waves. However he wasn’t
alone as a German physicist named Heinrich Rudolph Hertz demonstrated that rapid variations of
electrical current could be sent through space in the form of radio waves in 1886. Hertz built a series
of experiments that proves Maxwell’s theory of radio waves travelling through free space after
noticing that discharging an electric current in one coil produced a spark in another nearby coil. In
the same year, the first form of aerial communication was discovered by an American named
Mahlon Loomis who was able to make a meter connected to a kite cause a separate one to move.
Figure 2-1 shows Maxwell’s experiment setup.

Figure 2-1

With these discoveries, Guglielmo Marconi, an Italian inventor proved to the world the
possibility of radio communication. In 1895 he sent and received the first radio signal. By 1899,
Marconi managed to send the first wireless signal across the English Channel. He was also
responsible for the first ever successful transatlantic radiotelegraph which he sent from England to
Newfoundland. This message contained a single letter “S”. Meanwhile, Nikola Tesla, a Serbian
physicist was using this research to experiment with wireless power transfer.

The next major development in radio systems was the inception of radio-telegraphy and
Spark-Gap Transmitters. These transmitters were commonly used for communication between ships
at sea via the use of Morse code. This was not publicly used. Figure 2-2 shows a Spark-Gap
transmitter for generating radio frequency electromagnetic waves.
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These Spark-Gap transmitters had a wide range of problems as the transmitter discharged
electricity within the circuit making the electrodes unstable. This caused a lot of electrical
interference. This was fixed by the invention of the Alexanderson high-frequency alternator and the
Deforest tube.

The biggest requirement for the further development of radio systems in the early 1900s
was an efficient and accurate detector of radio waves. Lee Deforest invented the solution to this
requirement through the inception of the triode amplifier and the Audion. These inventions enabled
the use of weaker signals which was previously not possible. Thus, amplitude-modulated (AM) radio
was invented which was used throughout the world as the earliest form of commercial radio. This
was not possible using the Spark-Gap transmitters. Instead, crystal radios were the first form of
household radio.

Reginald A. Fessenden, a Canadian, invented the modulation of radio waves known as the
“heterodyne principle”. This form of modulation allowed the sending and receiving of radio waves
on the same aerial without interference.

In 1917, the invention of frequency-modulated radio waves was a result of Edwin Howard
Armstrong’s work. Grigorios Kalivas says “A critical point for the development of radio
communications and related applications was the invention of the “super-heterodyne” receiver by
Armstrong in 1917. This system was used to receive and demodulate radio signals by down-
converting them in a lower intermediate frequency (IF). The demodulator followed the IF
amplification and filtering stages and was used to extract the transmitted voice signal from a weak
signal impaired by additive noise.”

This led to the development of FM radio in 1933. The inception of FM improved the audio
signal of radio by controlling the static noise within radio circuits, equipment and the earth’s
atmosphere.

In 1947 the transistor was invented by Bell Labs, which led to the invention of the transistor
radio. Finally in 1965 the world’s first ever master FM system was developed. This allowed individual
radio stations to broadcast FM radio signals from a single source. Since then these antenna have
been built all around the world.

2.2 THE EFFECT OF RADIO ON THE MODERN WORLD
Radio has proven to be one of the greatest inventions of the past century. Even in its early
forms it proved useful for ship to ship communication at sea via the use of Morse code. Since then it
became a primary form of communication during WWI1 and WW1I for the military, and a primary
form of entertainment for the public.

The inception of radio also introduced electronics to the world which has become an integral
part of technology today.




2.3 TRANSMITTER/RECEIVER SYSTEM TO BLOCK DIAGRAM

Figure 2-3

Figure 2-3 shows a transmitter / receiver system block diagram. The leftmost side shows the
transmitter components and the right shows the receiver components. The transmitter starts with a
microphone which receives a signal depicted by the signal wave. The microphone converts the
analogue sound waves into electrical waves. This works because when a sound is made into the
microphone, the air vibrates and causes varying pressure on the microphone. This generates the
electrical signal which then gets sent to audio amplifiers.

The audio amplifiers amplify the electrical signal generated by the microphone. This is
necessary as the signal from the microphone is weak and without amplification cannot be
transmitted effectively. This stage is normally composed of multi-stage amplifiers, or cascaded
amplifiers in order to amplify the electrical signal enough so that it can be transmitted.

After amplification, the signal is sent to the modulator. The modulator however, is first
connected to an oscillator. The oscillator’s function is to produce a high frequency signal which is
commonly called a carrier wave. Typically, a crystal oscillator is suitable for this job as the frequency
doesn’t need to be changed. The power level of the carrier wave is raised to a high enough level by
radio frequency amplifier stages similar to that of the original audio wave. Generally, broadcasting
stations have a carrier wave power of several kilowatts. This is in order to transmit the signal large
distances.

The carrier wave and the audio wave then get superimposed onto each other in the
modulator and become a modulated wave. The process of modulation permits the transmission of
audio waves and the frequency of the carrier wave since the carrier frequency is very high. This
allows the signal to be transmitted much further. The final stage of the transmitter is the
transmitting aerial.

The transmitting aerial sends the modulated radio waves in all directions at the speed of
light (3 x 108m/sec). Using the theory Maxwell produced, these radio waves are radiated through
space due to their high frequency, much like light waves.

The transmitted radio waves are received by the receiving aerial. The radio waves induce a
very small e.m.f in the aerial which is sent to the radio receiver. The radio waves are then amplified
once again, and then demodulated. The method of demodulation involves filtering out the
frequency of the carrier wave so that only the original audio waves remain. The audio waves are
once again amplified and then fed to the speaker to be listened to.




2.4 ANALOGUE MODULATION TECHNIQUES
Analogue signals can be modulated using various techniques. These techniques involve AM,
FM, PM, QAM, SM and SSB.

241 Amplitude Modulation (AM)

Amplitude modulation, abbreviated to AM, is the process of modulating an analogue signal
by altering the instantaneous amplitude of the carrier signal with respect to the instantaneous
amplitude of the original signal. Figure 2-4 shows the resultant modulated signal when the carrier
signal is superimposed on the modulating signal when AM is used.
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Figure 2-4

The benefit of using amplitude modulation is that it is the most basic form of modulation
which means that the transmitter and receiver have simple construction and are cheaper to
produce. However, amplitude modulated signals are susceptible to noise which reduces the quality
of the output signal. This is bad for systems such as radio as audio quality is important.

2.4.2  Frequency Modulation (FM)

Frequency Modulation or FM is the process of modulating an analogue signal by altering the
instantaneous frequency of the carrier signal with respect to the instantaneous frequency of the
original signal. Figure 2-5 shows the resultant modulated signal when the carrier signal is
superimposed on the modulating signal when FM is used.
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The benefit of using frequency modulation is that the transmitted signal doesn’t pick up any
noise so the output signal retains the quality of the original signal. However, the circuitry required
for frequency modulation is more complex than the circuitry needed for amplitude modulation.
Therefore this method of modulation is more expensive. Both AM and FM modulation techniques
are used for radio broadcast applications.

2.4.3 Phase Modulation (PM)

Phase modulation or PM is the process of modulating the analogue signal by altering the
instantaneous phase of the carrier frequency with respect to the instantaneous phase of the original
signal. Figure 2-6 shows the resultant modulated signal when the carrier signal is superimposed on
the modulating signal when FM is used.
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The advantages of using phase modulation is that it retains the quality of the original signal
similar to that of FM. However, this method of modulation requires even more complex circuitry in
the transmitter and receiver for modulation and demodulation. This type of modulation is commonly
applied to satellite communication.

2.4.4 Quadrature Amplitude Modulation (QAM)

Quadrature amplitude modulation is a form of modulation that can be applied to both
analogue and digital signals. This form of modulation is used to transmit two analogue signals or two
digital bit streams by modulating the amplitudes of the two carrier waves. This is possibly by using
amplitude modulation for analogue signals, and amplitude-shift keying for digital signals. The two
carrier waves are 90 degrees out of phase and are commonly called quadrature carriers. The original
waves are then added together and the resultant wave is a combination of amplitude modulation,
and phase modulation. QAM is currently being used in fibre optic systems since bit rates are
increasing.

24,5 Space Modulation (SM)

Space modulation is a method of modulation which uses many antennas which transmit
various radio frequency powers and phases in order to create different depths of modulation. This
method of modulation is commonly used with instrument landing systems.

2.4.6 Single-Sideband Modulation (SSB)
Single-Sideband Modulation is a refinement of amplitude modulation in order to transmid
power and bandwidth more efficiently. When a signal is modulated using amplitude modulation, the




bandwidth is double the size of the original signal’s bandwidth. Single-sideband avoids this increase
in bandwidth making it more power efficient as less power is wasted on a carrier. However this
makes this process of modulation much more expensive.

2.5 OVERVIEW OF THE DEVELOPMENT OF DIGITAL RADIO
In digital radio systems, analogue signals are digitized and compressed in order to be
transmitted using a digital modulation scheme. The benefit of doing this is to improve audio quality,
increase the number of radio programs within a given range, reduce fading in mobile environments
and to decrease the transmission power required to cover a region.

For the most part, analogue radio is still the most widely used type of radio broadcast;
however RolP (Radio Over Internet Protocol) is becoming more popular.

As of 2012, four different standards of digital radio were recognised by the International
Telecommunications Union; Digital Audio Broadcasting (DAB), ISDB-T, HD Radio and Digital Radio
Mondiale (DRM). The most popular standard in the UK is DAB.

Digital Audio Broadcasting (DAB) was first introduced to Europe in the 1980s. DAB has its
advantage in that it has a more efficient use of frequency ranges than analogue FM. This means that
it can fit more radio channels into the same frequency range allowing for more radio services. Not
only does it provide a greater amount of services, but DAB is actually more stable when it comes to
mobile environments such as in a car. It excels at multipath fading and doesn’t pick up noise easily.
(Hoeg and Lauterbach, 2009).

However, DAB does suffer from signal quickly degrading when the signal strength drops
below a critical level. FM on the other hand, slowly degrades in comparison.

As of 2017, 38 countries utilise DAB radio, mostly across Europe and some Asian countries.
Norway in fact is the first country to completely cut off analogue FM radio services.

With the rise of digital radio, two main systems have become commonly used; One-way and
two-way systems. One-way systems are commonly called broadcast systems as they include
applications such as terrestrial and satellite radio services, digital TV or streaming services. These
services require sending signals out to be received, but no signals being sent back to the origin.

Two-say systems include applications such as 3G satellite internet, Wifi and Bluetooth. These
applications require back and forth transmission and receiving of signals. The major breakthrough of
this system is that it allows much lower transmission power and can allow the same radio frequency
to be reused within short distances. More applications include digital cellular telephony such as
TETRA and GSM, wireless networking and military radio systems for network-centric warfare.




3 EXPERIMENTAL METHOD

A 455kHz carrier wave has an amplitude of 375mV and is frequency modulated by a 10kHz
square-wave signal of amplitude 1.5V. The resulting carrier wave caries between 425kHz and
485kHz.

Using this information the maximum frequency deviation and the modulation index can be
calculated. This can be seen below

AF = mp % fs = 3 x 10kHz = 30kHz

_ meax - fc _ 485kHz — 455kHz _

b s 10kHz

An amplitude spectrum can now be sketched using the values in the Bessel Table in the row
for modulation index = 3. These calculations and the sketch can be seen below.

Jn =1In X Ec

Jo = 0.26 X 3.75mV = 97.5mV
Ji =034 x3.75mV = 127.5mV
J» =049 x 3.75mV = 183.75mV
J3 =031 x3.75mV = 116.25mV
Ja =013 x 3.75mV = 48.75mV

Js = 0.04 x 3.75mV = 15mV
Jo = 0.01 x 3.75mV = 3.75mV

Spectrum Analysis
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Figure 3-1
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As shown in Figure 3-1, there are 6 sidebands each side of the carrier frequency. This is

expected since there are 6 values within the Bessel Table for a modulation index of 3. Each sideband

happens at 10kHz intervals which is the frequency of the carrier wave. The amplitude of each
sideband is determined by the Bessel Values in the table.

11




4 TESTING AND RESULTS

A practical activity must be carried out in which the calculated values must be confirmed by
replicating the frequency modulation physically. After setting up the experiment the parameters
must be set to the correct values such as:

e Attenuator to 0 dB.

e Sensitivity control B to maximum.

e Frequency control C to the approximate position for 455 kHz, then, using the frequency
meter, set the frequency shown on Channel A to 455 kHz as accurately as possible.

e Modulation generator for 1Hz at 6Vp-p.

Question 1 - What is happening to the frequency on Channel A?

The frequency deviation increased to 103kHz when the amplitude was increased to 6V. As
the amplitude of the modulation frequency is reduced, the frequency deviation also decreases. From
this it can be seen that the frequency deviation is solely reliant on the amplitude of the modulation
frequency. Figure 4-1 to Figure 4-7 show the effect of reducing the amplitude of the modulation
frequency has on the frequency deviation.
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Question 2 — What determines the frequency deviation?

As previously described, when the amplitude of the modulation frequency is reduced, the

frequency deviation decreases.

Question 3 - Is the “Value” reading on the frequency meter sensibly related to the true frequency

when it is changing so fast?

15




The two points which the carrier frequency reaches happen faster based on the modulation
frequency. The frequency has no effect on the frequency deviation. However it becomes almost
unreadable as it fluctuates too fast at high frequencies to read.

Question 4 - Does the deviation change if the peak-to-peak signal voltage remains the same?

The effect of the change of Vp-p is shown in Figure 4-8 to Figure 4-10 where the Vp-p is
changed from 6Vp-p to 4Vp-p and 2Vp-p to see the frequency deviation change.
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As shown above, the ratio between Vp-p and frequency deviation remains 1V:10kHz. When
the Vp-p is at 6Vp-p, the frequency is 60kHz. Likewise when the Vp-p is 4Vp-p, the frequency is
40kHz.

Question 5 - With 2Vp-p input, what value of deviation have you set up? (Refer to the text between
Questions 2 and 3).

The frequency deviation with a 2Vp-p resulted as 20kHz.

Questions 6 - With a signal frequency of 20kHz what is the value of the deviation ratio B?

Signal Frequency
(kHz)

Voltage

Frequency
Deviation (kHz)

Deviation Ratio

Number of
Significant Pairs
of Side-bands

2 20kHz 1 2
20kHz 4 40kHz 2 3
6 60kHz 3 6

From experimenting with the various Vp-p values, frequency deviation, deviate ratio and the
number of significant pairs of side-bands could be found. For a voltage of 2Vp-p, the results are

shown in Figure 4-11 and Figure 4-12.
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For 4Vp-p the results are shown in Figure 4-13 and Figure 4-14
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Figure 4-14

Finally the results for 6Vp-p are shown in Figure 4-15 and Figure 4-16.
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Figure 4-16

By looking at the results plotted in the table above, it can be seen that as the Vp-p is
increased the ratio of 1Vp-p : 10kHz remains the same. This is also shown in the deviation ratio
increasing by 1 each time the Vp-p is increased by 2. Therefore for every 1Vp-p, the deviation ratio
will increase by 0.5. Finally by looking at the spectrum analysis, each time the Vp-p is increased, the
number of significant pairs of side bands doubles.
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5 CONCLUSIONS

In conclusion, the inception of radio was one of the most important events of the last
century as far as technology is concerned. It has resulted in having applications from military use, to
entertainment to local wifi and Bluetooth.

Each method of modulation has its own advantages and disadvantages. AM being simple
allows for easy production of amplitude modulated waveforms for a low cost, however is susceptible
to noise. FM on the other had is more complex but doesn’t get affected by noise.

By analysing the modulated wave using a picoscope, a much better understanding of how
analogue modulation is done was achieved. When the amplitude of the modulating frequency is
increased, so does the frequency deviation. However the frequency itself has no effect on the
frequency deviation.
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