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1 of 14 Welcome
Welcome to this session on the fundamentals of electronic communication.
In this session we will:
· Introduce the basic concept of wave theory
· Explore the electromagnetic spectrum
2 of 14 Definitions
Sine waves are used in math and physics to represent waves. See below for some key definitions that will be used throughout the session: 
Frequency (f)
· This is the number of cycles per second measured in hertz (Hz)
· 1 Hz = 1 cycle per second
Amplitude (A)
· The height of a cycle
Phase (Φ)
· The relative value of a variable at a point in a cycle
Wavelength (λ)
· The physical distance over which a cycle repeats
3 of 14 – Relationships
The wave speed (c) of electromagnetic (EM) radiation is 300,000 km/s (the ‘speed of light’).
So, as the wave speed (c) is constant:
· Lower frequencies always have longer wavelengths
· Higher frequencies always have shorter wavelengths
Wave speed (c), frequency (f) and wavelength (λ) are related and can be represented by a formula triangle.

Where: c = wave speed, f = frequency and λ = wavelength

Where: c = wave speed, f = frequency and λ = wavelength

Where: c = wave speed, f = frequency and λ = wavelength
4 of 14 – The electromagnetic spectrum
Electromagnetic radiation covers a range of frequencies (spectrum) and associated wavelengths, commonly referred to as the electromagnetic spectrum.
Replaced diagram with table:
	Type of wave
	Typical source
	Approximate wavelength
	Typical uses

	Radio: LW
	electronic circuits, stars and space
	1 km
	communications, radio, TV

	Radio: MW
	electronic circuits, stars and space
	100 m
	communications, radio, TV

	Radio: VHF
	electronic circuits, stars and space
	1 m
	communications, radio, TV

	Microwaves
	electronic circuits, cool objects
	1cm (10-2 m)
	communications satellites, telephony, heating water and food

	Infra red (IR)
	electronic devices, warm objects, sun
	0.1mm (10-4 m)
	magic eyes in security lighting, remote control (eg TV)

	Light
	electronic devices (LED), hot objects, sun
	0.001mm (10-6 m)
	seeing, photography, worldwide communication using optical fibres

	Ultraviolet (UV)
	gas discharge, very hot objects, UV lamps, sun
	0.00001mm (10-8 m)
	sun-tan lamp, making ions, making vitamin D, water purification plants to kill bacteria

	X-rays
	very fast electrons hitting a metal target
	10-10 m
	imaging defects in bones, hidden devices

	Gamma rays(γ)
	radioactive nuclei decaying
	10-12 m
	medical tracers, killing cancerous cells, sterilisation


Click here for source.
Note: energy increases as wavelength becomes shorter.
5 of 14 – The radio frequency spectrum
[bookmark: _Hlk28769814]The table below shows how the radio frequency spectrum is divided into discrete frequency bands:
	VLF
	LF
	MF
	HF
	VHF
	UHF
	SHF

	10 kHz
	100 kHz
	1 MHz
	10 MHz
	100 MHz
	1 GHz
	10 GHz

	Communication with submarines
	LW Radio
	MW Radio
	Contactless payment cards (RFID)
	FM Radio
DAB Radio
Television
	Microwave ovens 
Digital television
Mobile phones
Wireless LAN
Bluetooth
GPS
	Radio astronomy
Radar systems
Wireless LAN
Satellite TV



· The International Telecommunication Union – Radiocommunication Sector (ITU-R) and Institute of Electrical and Electronics Engineers (IEEE) have defined radio bands
· Each band can be further split into channels
· Bandwidth refers to the range of frequencies available
6 of 14 – Making waves
Antennas - Transmission
· Two metal rods, half wavelength
· AC current passed through them
· Waves of electric field emitted 
Diagram: shows wave pattern of a two rod (di-pole) antenna in transmit mode.
Antennas - Reception
· Incoming electric field waves push electrons in the metal rods back and forth
· An alternating current is produced
Diagram: shows wave pattern of a two rod (di-pole) antenna in receive mode.
8 of 14 – Communicating information
Communication involves sending information from A to B via a link. This information is known as the intelligence signal. Generally, of a low frequency - Human voice is in the range of 20 to 20,000 Hz.
A 300Hz radio wave would require an antenna 500km tall! Therefore, higher frequency waves with shorter antennas are more practical.
9 of 14 – Types of waveforms
Radio waveforms can be split into two types, analogue and digital:
Analogue
· Values change continuously
· Very susceptible to noise interference
Digital 
· Discrete values – 0s and 1s
· Much less susceptible to noise
10 of 14 – Analogue modulation
Modulation puts intelligence onto a higher frequency carrier wave. 
Demodulation is the reverse process 
The formula for a sine wave is y = Asin(2πft + Φ)
Where,
A = amplitude, f = frequency, Φ = phase angle
Any of these can be varied in accordance with the intelligence signal
· Amplitude modulation (AM)
· Angular modulation
· Frequency modulation (FM)
· Phase modulation (PM)
11 of 14 – Digital Modulation
Symbols represent a predetermined, finite, pattern of binary bits
· Two bit, symbols = 00, 01, 10, 11 
· Three bit, symbols = 000, 001, 010, 011, 100, 101, 110, 111
· Originates from the Morse Code Key, hence keying
The characteristics of a carrier signal are altered to convey symbols
· Phase Shift Keying uses a finite number of phases per symbol
· Frequency Shift Keying uses a finite number of frequencies per symbol
· Amplitude Shift Keying uses a finite number of amplitudes per symbol
· Quadrature Amplitude Modulation – Combinations of amplitude and phase
Constellation diagrams are used to show the full symbol ‘alphabet’. 8-PSK Each symbol is encoded as a different phase shift of the carrier sine wave: 0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°
12 of 14 – Transmitting and receiving
Transducers convert one form of energy to another:
· Light bulbs convert electricity to EM waves in the visible part of the spectrum
· Antennas convert electricity to EM waves in the radio-communication part
Transceivers can transmit and receive signals.
Radio waves propagate through the atmosphere in different ways
· Lower frequency waves are reflected off the ionosphere (skywaves)
· Medium frequency waves are refracted around obstacles (groundwaves)
· Higher frequency waves must have direct line of sight
· Super high frequency waves
13 of 14 – Digital multiplexing
Multiple sources of intelligence signals may share a common carrier. This is achieved by multiplexing, of which there are several types:
Space Division Multiplexing
· Multiple antennas, each slightly out of phase, (802.11n, 802.11a/c, MIMO)
Time Division Multiplexing
· Each source is given a slice of time on a single carrier
Code Division Multiplexing
· Each source is given a unique code to encode or decode on the carrier 
Orthogonal Frequency Division Multiplexing
· Each source has access to multiple, narrower, sub-carrier waves
· Lower symbol rate, but over parallel carriers
14 of 14 – Summary
Well done. You have completed this session on the fundamentals of electronic communication.
In this session we have:
· Introduced the basic concepts of wave theory
· Explored the electromagnetic spectrum

