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Throughout this book you will find red text as shown above; these highlight which item of the RYA VHF Course Syllabus the section relates to.
 

1 Introduction
Ask any group of students attending an SRC course why they want to learn to use a marine VHF radio, and the overwhelming majority are likely to reply “safety”. Probe a little deeper, and most of them will probably say that they want it mainly to be able to call for help.
Types of message
Syllabus item A1.1
[image: Syllabus item A1.1. Text reads: "Types of communication in the maritime mobile service. Distress, urgency and safety communications. SAR (Search and Rescue) Communication. Public correspondence. Port operations and ship movement service. Intership communications. On board communications."]
It’s true that distress messages are an important function of marine VHF, but they are certainly not its sole purpose: VHF can also be used to prevent distress situations from developing, by allowing vessels to warn each other of potential hazards, or by receiving safety information such as navigational warnings and weather forecasts.
The majority of radio messages, however, are far more mundane. They are concerned with everyday aspects of the vessel’s operation: making plans, or finding berths, food, or fuel. 
There is also a facility, in some countries but not in the UK, for specially equipped radio stations on the coast to connect radio calls to the public telephone system ashore. Unlike other calls made by VHF radio, these “link calls” have to be paid for. They were never cheap, so most of the customers who might once have used this service now use mobile telephones or satellite communications instead.
VHF may also be used for on-board communications, such as between the bridge and fo’c’stle of a ship, or between the cockpit of a yacht and someone working up the mast. 
So the types of message that can be sent by marine VHF can be divided into four main groups:-
Distress, Urgency, and Safety messages
Routine messages:
	between vessels

	between vessels and harbour authorities (“Port operations”)

	between vessels and traffic monitoring or control authorities

Public Correspondence, or “Link calls“
On-board communications
Types of user 
Syllabus item A1.2
[image: Syllabus item A1.2. Text reads: "1.2 Types of stations. Ship stations. Coast stations. Rescue coordination centres. Pilot, VTS and port stations. Aircraft stations."]
The people who use marine VHF can also be divided into several distinct groups.
The largest group are those who use marine VHF on board a vessel of some sort, whether it is a yacht, fishing boat, ship or hovercraft. So far as the authorities are concerned, these are all classed as “Ship Radio Stations”, regardless of whether the “ship” in question is a cruise liner or a canoe.
The other broad group of users are based ashore. They include Coastguards and other search and rescue organisations, as well as harbourmasters, pilots, marinas, and yacht clubs.
Getting a licence to set up a coast radio station is more complicated and expensive than obtaining a ship radio licence, and it is subject to more restrictions on its use. You cannot just buy an ordinary marine VHF radio and set it up on your kitchen window sill! 
Some aircraft, such as Coastguard helicopters, also carry marine VHF equipment.
Types of equipment 
Syllabus item B1.3
[image: Syllabus item B1.3. text reads: "1.3 Handheld VHF radiotelephone. Specifications."]
A typical fixed radio consists of a compact box, with a display and control panel on the front, mounted either in a bracket or recessed into a bulkhead. It is powered by the vessel’s electrical system, and has a separate antenna (aerial) mounted on a mast or on a high part of the superstructure. 
[image: A black fixed radio. It is black and rectangular, with ICOM written in the top left corner. On both ends of the radio, there is a black circular dial. The microphone is a separate oval-shaped hand-held received which is placed on top of the radio. The receiver is connected to the radio with a black spiral cord. On the radio, there is a rectangular orange display screen on the right hand side. The display is showing a large number 16 to represent channel 16. Also on the display are the words busy, tag, high, ICOM. Below the screen is the radio model number, which is VHF Marine IC-M401EURO. Below this there are three white buttons. The left button has the number 16 on it. The word CALL is written above the button. The middle button has CH on it. The word DUAL is written above the button. The right button has H/L written on it. To the right of the screen, there are two circular dials. The top dial has VOL written above it and OFF below it. The button dial has SQL written above it. To the left of the screen, there are four buttons. The top button reads TAG. The second button down reads SCN. The third button is an arrow pointing upwards. The last button is an arrow pointing downwards.]
A typical portable radio is smaller than a fixed radio but larger than a mobile phone. It is usually powered by a rechargeable battery fitted inside or clipped to it, and usually has a stubby antenna connected directly to the top of the radio.
[image: A portable radio. It is black and rectangular in shape with a long cylindrical aerial connected to the top left corner. There is a small circular dial on the top right of the radio. The radio is taller than it is wide. In the centre of the radio, there is a rectangular orange display. The number 16 is displayed in the middle of the display to represent channel 16. In the top left of the display is the letter H. In the bottom left of the display is the letter P. In the bottom right of the display is a key symbol. The model number is written in orange font above the display and continues below it to read STANDARD HORIZON SUBMERSIBLE HX270E. Below the display, there are multiple buttons. On the left hand side, there are two buttons, one above the other. The top button is an up arrow. The bottom button is a down arrow. To the right of these two buttons, there are a further six buttons forming two columns. From top to bottom, in the left column the buttons read 16/9, DW, H/L. In the right column, from top to bottom the buttons read SCAN, PRESET, MEM. Above the display there is a small green circular button and a built-in speaker.]
 

2 How radio works
Making waves
If you tap a screwdriver across the terminals of a 9-volt dry battery, it will produce tiny sparks. The sparks are difficult to see, except in complete darkness, but if you do it close to an ordinary transistor radio, they should be easy enough to hear, as a distinct crackle on the radio. That, in effect, is what Heinrich Hertz did in 1888, when he became the first person to demonstrate the existence of what we now know as radio.
The sparks create an electric field which builds up quickly but then collapses. This rapidly changing electric field generates a magnetic field, which also grows, and collapses. This combination of constantly changing electric and magnetic fields produces what we know as electromagnetic radiation, or radio waves.
More sophisticated radio transmitters work by supplying a rapidly changing electric current to an antenna (aerial) to create the electric field. The speed at which the current changes controls the speed at which the electric field around the antenna changes, and is measured in Hertz (usually abbreviated to Hz).
	1 Hz = 1 cycle per second

	1kHz = 1kiloHertz = 1 thousand cycles per second

	1MHz = 1 Megahertz = 1 million cycles per second

	1GHz = 1 Gigahertz = 1 billion cycles per second

If you find it difficult to visualize a fluctuating electric field, imagine, instead, that someone has just dropped a pebble into a pond. The pebble represents the transmitter, and the ripples radiating out from it represent the fluctuating electrical and magnetic field.
Frequency and wavelength 
Syllabus item A1.3
[image: Syllabus item A1.3. Text reads: "1.3 General knowledge of VHF radio channels. The physical concept of frequency. The propagation and range of communications. The concept of radio channel: simplex, semi-duplex and duplex. The use of and restriction on VHF channels. Distress and safety channels. Calling channels. Intership channels. Port operations and ship movement channels. Public correspondence channels. National channels for small craft safety."]
One big difference between the waves on the pond and the electromagnetic waves of a radio transmission is that radio waves travel outwards in three dimensions, not just two. Another, even more important, is that all electromagnetic waves travel at 300,000,000 metres per second, (roughly 186,000 miles per second or 162,000 nautical miles per second).
300,000,000 metres per second is known as “the speed of light” because light is one of many kinds of electromagnetic wave.
Imagine that you can see electromagnetic waves as clearly as you can see the waves on the sea. You know that they are travelling at 300 metres per microsecond, so if 30 of them pass you in one microsecond, the first one must be 300 metres away by the time the thirtieth one has past you. From this, you can see that each wave must be 10 metres long. In other words, they have a wavelength of 10 metres. Similarly, if 300 of them pass you in 1 microsecond, they must have a wavelength of 1 metre.
	Wavelength = 300,000,000 / Frequency

	Frequency = 300,000,000 / Wavelength

	Marine VHF operates at a frequency of about 156MHz

	So it has a wavelength of about 300 / 156 = 1.92 metres.

Characteristics of different frequencies 
Syllabus item A1.3
[image: Syllabus item A1.3. Text reads: "1.3 General knowledge of VHF radio channels. The physical concept of frequency. The propagation and range of communications. The concept of radio channel: simplex, semi-duplex and duplex. The use of and restriction on VHF channels. Distress and safety channels. Calling channels. Intership channels. Port operations and ship movement channels. Public correspondence channels. National channels for small craft safety."]
The electromagnetic spectrum covers a huge range of frequencies and wavelengths, from the audible “mains hum” generated in some mains-powered electrical equipment, to X-rays and gamma rays. Visible light is part of the spectrum, towards the upper end of the frequency range (from 384,000 GHz to 769,000 GHz).
Radio waves have much lower frequencies, from about 3kHz to 30GHz, and their wavelengths range from several kilometres to a few centimetres. Different frequencies have different characteristics, which make them suitable for different purposes, so they are often subdivided into different “bands”, with descriptive names such as VLF (Very Low Frequency) and SHF (Super High Frequency).
In general, lower frequencies are more susceptible to the effects known as diffraction and refraction, in which the waves are bent when they pass through or along the boundary between different media (such as between air and water).
This means that low frequencies (VLF and LF) are good for long range broadcasting and radio navigation systems, because they are easily diffracted, so they can curve around obstructions or over the horizon.
Medium frequencies (MF) are slightly less good at following the Earth’s curvature, so they are used for some medium-range navigational aids, such as aeronautical radio beacons, for regional broadcasting, and for medium range communications.
[image: Medium frequencies (MF) being transmitted around the curvature of the earth. The illustration is rectangular, with a semi-circle at the bottom consisting of green and blue patches to represent the Earth. Above this, there is a thick curved blue strip. Above this strip, there is a smaller, curved, lighter blue strip representing the ionosphere. Above this strip is an area of dark blue. On the left hand side of the earth, there is a grey triangular transmission tower extending from the earth into the first blue strip. On the right hand side of the earth, there is a second transmission tower doing the same. There is a white, curved, wavy line extending from the left tower to the right tower to represent frequency. The waves are larger and closer together at the start of the line, becoming smaller and further apart as they go towards the right hand tower. The line runs parallel to the curvature of the earth and stays within the first blue strip at all times.]
High frequencies (HF) don’t bend over the horizon to any significant extent. The earth‘s atmosphere, however, contains a number of electrically-charged layers, known as the ionosphere. These layers are capable of refracting HF radio waves to such an extent that they bounce back to ground level. By carefully choosing the right frequency to make best use of the ionosphere, HF can be used for world-wide broadcasting and communication.
[image: High frequencies (HF) being transmitted through the earth's atmosphere. The illustration is rectangular, with a semi-circle at the bottom consisting of green and blue patches to represent the Earth. Above this, there is a thick curved blue strip. Above this strip, there is a smaller, curved, lighter blue strip representing the ionosphere. Above this strip is an area of dark blue. On the left hand side of the earth, there is a grey, triangular transmission tower extending from the earth into the first blue strip. On the right hand side of the earth, there is a second transmission tower doing the same. There is a white wavy line representing frequency which extends from the left tower, upwards into the centre of the ionosphere curved strip, then back down to the right hand tower. The waves are consistent in size throughout the line.]
Very High Frequency (VHF) and Ultra High Frequency (UHF) don’t bend over hills, around headlands, or over the horizon to any great extent, nor are they bounced back by the ionosphere, so they are used for local broadcasting, television, and communications.
[image: Very high frequencies (VHF) and ultra high frequencies (UHF) being transmitted. The illustration is rectangular, with a semi-circle at the bottom consisting of green and blue patches to represent the Earth. Above this, there is a thick curved blue strip. Above this strip, there is a smaller, curved, lighter blue strip representing the ionosphere. Above this strip is an area of dark blue. On the left hand side of the earth, there is a grey triangular transmission tower extending from the earth into the first blue strip. On the right hand side of the earth, there is a second transmission tower doing the same. There is a white zig-zag line representing frequency which extends from the left tower, straight across the illustration to the right hand tower without bending. After the right hand tower, it continues to the far right edge of the illustration. ]
The maximum range at which you can expect a VHF signal to be received depends on the height of the transmitting and receiving antennas.
The distance to an antenna’s VHF horizon (in miles) is approximately three times the square root of its height in metres.
Two antennas will be within range of each other when their horizons overlap:
So a motor cruiser, with its antenna at 4m, would have a radio horizon of six miles, while a sailing boat, with its antenna at 16m, would have a radio horizon of 12 miles. They should be able to contact each other at a range of about 6+12=18 miles.
	 
	Dinghy	Motor boat	Sailing yacht	Ship	Coast station
	Antenna height	1m	4m	16m	36m	100m

	VHF horizon	3m	6m	12m	18m	30m
	Dinghy	6m	9m	15m	21m	33m

	Motor boat	9m	12m	18m	24m	36m
	Sailing yacht 	15m	18m	24m	30m	42m

	Ship	21m	24m	30m	36m	48m
	Coast station	33m	36m	42m	48m	 


Modulation
A constant, unchanging series of radio waves is of little practical use: it is the radio equivalent of a continuous single-note whistle, or a steady white light. In order to carry a message, it has to be varied in some way. This is known as “modulation”, and in its simplest form consists of nothing more than switching the transmission on and off.
Simple on-off keying can be used to send messages by morse code or something similar, but more sophisticated forms of modulation are required to transmit sounds such as speech.
The first stage in the process is to convert sound — the physical vibration of the air — into electricity. This is the job of a microphone. 
[image: Amplitude modulation. It is a rectangular illustration that is wider than it is high. There is a grid pattern formed of white squares and thin, light blue lines. On top of the grid, there are repetitive green waves expanding across the entire illustration, which represent the carrier wave. The waves are long and thin, taking up the entire height of the illustration, and are very close together. On top of the green waves, there is a wavy red line running across the centre of the illustration which represents sound waves. From left to right, the red line goes down slightly, before coming back up. It goes down again, before gently waving across the next third of the illustration. At the end, the line goes back up and comes back down to form one last wave.]
[image: Amplitude modulation. It is a rectangular illustration that is wider than it is high. There is a grid pattern formed of white squares and thin, light blue lines. On top of the grid, there are repetitive green waves across the illustration, which represent the carrier wave. The waves are all very close together but vary in height, with some extending from top to bottom of the illustration, whilst others are shorter. All, however, are the same width and are of equal space apart. At the top of the illustration there is a wavy red line which links from the top of one wave to the next, and so on. There is a second wavy red line at the bottom of the illustration which links from the bottom of one wave to another, and so on. The red lines represent sound waves.]
Amplitude Modulation: the sound waves (shown in red) modulate the radio “carrier wave” (shown in green) to produce a signal whose frequency and wavelength are constant, but whose amplitude (“height”) varies. 
It is then technically simple to use the electrical signal from the microphone to vary the amplitude (wave “height”) of radio waves, while keeping their wavelength and frequency constant. This is known as Amplitude Modulation, or AM. It is used for MF broadcasting and a variation of it (Single Sideband, or SSB) is used in marine MF communications.
[image: Frequency modulation. It is a rectangular illustration that is wider than it is high. There is a grid pattern formed of white squares and thin, light blue lines. On top of the grid, there are repetitive green waves expanding across the entire illustration, which represent the carrier wave. The waves are long and thin, taking up the entire height of the illustration, and are very close together. On top of the green waves, there is a wavy red line running across the centre of the illustration which represents sound waves. From left to right, the red line goes down to the bottom third of the illustration, before coming back up to the top third of the illustration. It goes down again to just below the centre of the illustration, before gradually increasing and then very slowly decreasing across the next third of the illustration. At the end, the line goes back up and comes back down to form one last wave. ]
[image: Frequency modulation. It is a rectangular illustration that is wider than it is high. There is a grid pattern formed of white squares and thin, light blue lines. On top of the grid, there are repetitive green waves expanding across the illustration, which represent the carrier wave. The waves are all the same height, taking up the entire height of the illustration, but are at varying widths and spaces apart. Some waves are very thin and close to the next one, whereas others are wider and spaced out from the next wave.]
Frequency Modulation: the sound waves modulate the frequency of the carrier wave, rather than its amplitude.
A more complex, but technically superior alternative is to vary the frequency of the radio waves. This is known as Frequency Modulation, or FM, and is used for VHF broadcasts, and for VHF and UHF communications. 
Antennas 
Syllabus item B3.1
[image: Syllabus item B3.1. Text reads: "B3. Antennas, interfacing and power sources. 3.1 Antennas performance and positioning."]
Almost all electrical and electronic equipment transmits and receives electromagnetic waves, whether it is intended to or not. A radio, however, is specifically intended to transmit and receive radio waves as efficiently as possible. To do so, it requires an antenna — sometimes called an aerial or occasionally a radiator.
The science behind how an antenna works is complex, but a key point is that a vertical antenna is most efficient if it is very slightly shorter than half the wavelength of the radio waves it is intended to transmit. The exact length varies slightly, depending on the diameter of the antenna, but for marine VHF, the optimum length is about 93cm. Longer or shorter antennas will work, so long as they are an exact and simple ratio of the ideal length.
It is good practice to get an antenna professionally installed. As a bare minimum, follow the manufacturer’s instructions to ensure safe distances are maintained regarding radio waves.
Antenna gain 
No practical antenna transmits equally in all directions. In simple terms, you can say that “the power comes out of the sides of the antenna, not out of the ends”. So
Batteries 
Syllabus item B3.3
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