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Foreword
To the untrained eye, navigation can appear a devilishly complicated business, but the fact is that sailors from every walk of life have been using the same basic principles for centuries and you certainly don’t need to be a rocket scientist to navigate a coastal passage safely and competently.
Navigation is a vital skill to have when you are afloat. Yet, in an age of GPS, it is all too tempting to rely on modern technology to find your way. Without a firm grasp of the basics, however, you will never be able to navigate with the confidence and assurance that true knowledge gives you. 
Melanie Bartlett is the ideal author to introduce you to the basics. Hugely experienced as an RYA Yachtmaster Instructor, she also presents the subject in an informal and user friendly style which ensures that the novice is not intimidated. 
This book will leave you wanting to learn more, and this is important, as there are few greater pleasures afloat than safely navigating your boat to a safe haven, using skills that are centuries old.
James Stevens FRIN
TO LEARN TO NAVIGATE YOU WILL NEED: Breton Plotter (or similar); dividers; soft pencil; soft eraser; pencil sharpener; practice charts; practice navigation tables; navigation exercises. 
TO PRACTISE NAVIGATION AT SEA YOU WILL ALSO NEED: appropriate charts; a nautical almanac; a steering compass; a hand bearing compass; a log; an echo sounder; a GPS receiver.

Chapter 1: Introduction
We are all navigators.
But on land our “navigation” is often limited to following a ribbon of tarmac, while being spoon-fed – sometimes force-fed – with instructions and information: “Stop”; “Slow down”, or “London 33 miles”.
At sea, navigators are more like hunters, picking up pieces of information, looking for clues, and making their own decisions. 
It’s not necessarily difficult, and it certainly shouldn’t be haphazard, but it is far more interesting than navigating on land. 
Marine maps
Maps – called “charts” at sea – are absolutely fundamental. They can be printed on paper or stored and displayed on an electronic chart plotter rather like an in-car navigator.
The extract (Chart 1) is adapted from an RYA Practice Chart and uses British Admiralty colours and symbols. Charts from other publishers may use different colours, but they share many of the same features:
	The coastline.

	Depth information.

	Symbols representing hazards and landmarks.

	A grid of latitude and longitude.

The coastline
The most obvious feature of this chart is that some areas are yellow, while others are white, blue, or green.
	Land is yellow.

	Water in blue or white.

	Areas which are sometimes above water and sometimes below it, are green.

[image: The area around Port Fraser Harbour. Annotations include: longitude scale, latitude scale, coastline, hazard, landmark, and depth information. ]
Chart 1: A typical chart, showing the coastline, depth information, landmarks, hazards, and a grid of latitude and longitude
Depth information
There are two distinct ways of representing heights and depths on a chart.
Spot depths show the depth at particular spots. They are dotted around all over the chart (Fig 1).
Contours are usually defined as “lines that join points of equal height or depth”, but it’s more useful to think of them as being lines that divide shallow water from deep (Fig 2).
[image: A red indicator points to the number 22. Other numbers are positioned close by in Martyn’s Bay. ]
Fig 1: Spot depths show the depth at particular spots
[image: A red indicator pointing to a contour line marked with the number 5. Other contour lines with numbers are positioned close by. ]
Fig 2: Contours are lines that divide shallow water from deep
To make this distinction particularly clear, shallow areas are coloured blue while deep areas are coloured white – often with pale blue being used for intermediate depths.
In the top right-hand corner of Chart 1 (here), we can see from the green area that most of Port Fraser harbour is sometimes above water and sometimes below it, and that there is an area of shallow water (represented by the blue tint) around the approaches. But the thin strip of paler blue shows that there is a deeper channel, zig-zagging in from the bottom right hand corner of the extract, towards the entrance, (in the middle) then branching out inside the harbour.
Symbols and abbreviations
The chart extract below is drawn to a scale of 1:100,000. That means that every centimetre on the chart represents 100,000 centimetres (one kilometre) in the real world.
[image: A three-part illustration. A chart extract with a red indicator pointing to a photo of a buoy and a buoy symbol, and another red indicator pointing to a lighthouse and lighthouse symbol. ]
Fig 3: A star-shaped symbol represents a lighthouse (right)
Fig 4: Buoys are represented by pictures of the buoys themselves (left)
Some important features are far too small to show up at this scale. A lighthouse, for instance (Fig 3), might be 50 metres high, but only 15 metres in diameter, so on a 1:100,000 chart it would be represented by a spot barely one eighth of a millimetre in diameter.
To overcome this problem, symbols are used to represent important features.
[image: A black star symbol. ]
A star-shaped symbol represents a lighthouse, with a white spot in the centre of the star showing its exact position, and a string of letters and numbers alongside it giving more information.
In this example, Fl.6s17m12M means that it shows a white light, flashing once every six seconds at an elevation of 17 metres and with a nominal range of 12 miles.
Just above Louisa Rocks lighthouse are two buoys, indicated by line drawings that represent the shapes of the buoys themselves (Fig 4). Like the lighthouse, their exact positions are marked by a small circle in the base of each buoy, while abbreviations around them provide additional information:
VQ BY, for instance, tells us that NW Louisa is black and yellow, and that it shows a very quick flashing light.
There are so many chart symbols that no-one can learn them all at once: it is better to become familiar with the most important ones (buoys, lighthouses, and churches; rocks, wrecks, and prohibited areas) and to be ready to look up any others as you come across them (Fig 1).
The definitive guide to UK Admiralty chart symbols is a slim booklet known as Chart 5011, available from the RYA webshop, and extracts from it are on the back of some Admiralty charts and in publications such as the Reeds Nautical Almanac.
[image: Front cover of “Symbols and Abbreviations used on Admiralty Charts”. ]
[image: A selection of chart symbols, including church, water tower, chimney, major light, buoys, lighted beacon tower, anchoring prohibited, rocks, fishing prohibited, and so on. ]
Fig 1: A few of the most important chart symbols
Latitude and Longitude
Land maps usually have a grid of lines to help locate particular features. Charts have a similar grid, except that instead of being purely arbitrary, like the grid in a road atlas, the grid on a chart refers to the international grid of Latitude and Longitude, based on natural reference points (Fig 2).
[image: A green globe with the grids of latitude and longitude marked. ]
Fig 2: The world-wide grid of lat and long is based on natural reference points
The most important of these natural references are the north and south poles and the Equator.
A good working definition of Latitude is:
	The Latitude of a place is its distance from the Equator, expressed as an angle (Fig 3), so

	The Latitude of a place tells us how far north or south it is. 

	Lines that join places of equal latitude run parallel to the Equator. On a chart, they appear as horizontal lines.

[image: A green globe with a black line marking latitude. A section is cut out of the side of the globe, showing the latitude line extending from the centre outwards. Other labels include: North Pole, Parallel of Latitude, Equator, and South Pole. ]
Fig 3: The Latitude of a place tells us how far north or south it is
The corresponding vertical lines are called meridians. On a global scale, meridians run from pole to pole, dividing the world into segments as though it were a giant orange. 
By international agreement, the meridian that passes through Greenwich, in south-east London, is taken as the “Prime Meridian”.
The Longitude of a place is the angle between the Prime Meridian and the meridian of the place measured around the Equator in degrees at the centre of the Earth (Fig 1), so
The Longitude of a place tells us how far east or west it is. 
[image: A green globe with a black line marking longitude. A section is cut out of the side of the globe, showing the longitude line extending around the globe. Other labels include: North Pole, Greenwich, Prime Meridian, Meridian, Equator, South Pole. ]
Fig 1: The Longitude of a place tells us how far east or west it is
Combining Latitude and Longitude enables us to specify particular positions: Falmouth, for instance, is at 50°N 005°W. 
To specify positions more accurately, each degree is subdivided into sixtieths, called minutes, and each minute is further subdivided into tenths, hundredths, or thousandths.
The chart opposite shows that the position of Louisa Rocks lighthouse is 46° 19‘.3 N 006° 04‘.6 W. Notice that latitude is given first and that their directions (North or South and East or West) are always included.
[image: A chart extract showing the Port Fraser and Stevens Bay areas. ]
The chart shows that the position of Louisa Rocks lighthouse is 46° 19’.3 N 006° 04’.6 W
Finding a position using a chart. Transcript: “By combining latitude and longitude, we can specify positions on nautical charts. For greater accuracy, each degree is split into sixtieths, called "minutes". And each minute is divided into tenths, hundredths, or thousandths. For instance, if we want to find the position of Louisa Rocks lighthouse, we can measure it against the latitude and longitude scales to pinpoint its position. 46 degrees 19 point 3 minutes north and zero zero six degrees four point six minutes west. Notice that latitude is given first and that the directions north or south and east or west are always included. 
 

Chapter 2: Direction and Distance
Distance
Distance, at sea, is usually measured in sea miles or nautical miles. 
	A sea mile is defined as a minute of latitude measured at the Earth’s surface. 

	A nautical mile is 1852 metres. It’s so close to the length of a sea mile that for most practical purposes, the two units can be treated as being the same. 

	Speed is measured in knots. A knot is one nautical mile per hour. 

Measuring distance in the real world
To measure the distance we have travelled, we use an instrument known as a log (Fig 1).
The commonest type uses a small paddlewheel that sticks out from the bottom of the boat. As the boat moves through the water, the paddlewheel spins, and an electronic sensor counts the revolutions. 
[image: An AdvanSea S400 log, showing 15.30 knots on the screen. ]
Fig 1: A typical log, measuring speed and distance through the water
Measuring distance on a chart
The fact that a sea mile is a minute of Latitude means that the scale of Latitude on the side of a chart serves as a scale of distance.
A slight snag is that you seldom want to measure distances in a north-south direction, close to the edge of the chart! So we need some way to transfer distances measured up or down the latitude scale to other directions and other parts of the chart.
The tool for the job is known as a pair of dividers (Fig 2).
[image: A hand holding a pair of dividers above a chart.]
Fig 2: Dividers are used to measure distances on the chart
Using a chart and dividers to calculate distance. Transcript: “We know where we are using our fix, and we've decided we want to head into Victoria Bay, which we've marked with a cross on the chart. How do we work out how far this is? We will use our dividers to measure the distance between our fix and the cross. Now, move the dividers to the latitude scale at the side of the chart. Remember, never use the longitude scale for measuring distances. On the latitude scale, each minute represents one nautical mile. So, by putting the dividers against the latitude scale, we can see that the distance is approximately 4.8 nautical miles. 
There are two kinds.
Straight dividers have straight legs, which can be opened or closed by pushing and pulling the points
Single-handed dividers (Fig 3) can be opened with one hand, simply by squeezing the bulging “bow” at the top of the legs, or closed with the same hand by squeezing the lower part of the legs together.
[image: A pair of hand dividers. ]
Fig 3: Single-handed dividers
Direction
	The meridians run from north to south (or vice versa).

	The parallels cross the meridians at right angles, from west to east (or east to west).

	These four directions are called cardinal points.

[image: A compass rose with directions labelled. ]
Fig 1: Compass points are still used to indicate approximate directions
Directions in between the cardinal points can be given names too. North east, for instance, is half-way between north and east (Fig 1).
For most navigational purposes however we need the greater precision that is provided by three figure notation, in which directions are referred to as angles, measured in degrees, counting clockwise from north (Fig 2).
[image: A compass rose with degrees marked. ]
Fig 2: For greater precision, we now use degrees
Measuring direction in the real world
Any sea-going boat needs at least one compass. In practice, most carry at least two or three. 
	One is fixed to the structure of the boat to show the direction she is pointing, so it is called the steering compass.

	Another is a smaller, hand-held version used for measuring bearings (the direction between you and some other object), so it is called a hand bearing compass.

	Both types use small magnets clipped to the bottom of a circular compass card to sense the direction of the Earth’s magnetic field. 

	A third type of compass is becoming increasingly common. It uses a cluster of electronic components called flux gates to measure the direction of the Earth’s magnetic field, and sends information about the boat’s heading to other electronic devices such as chart plotters or radars. 

Using a steering compass
Most steering compasses consist of a circular compass card, marked in degrees, mounted inside a transparent bowl (Fig 3). Also inside the bowl, is a vertical line – the lubber line – representing the bow of the boat. 
Steering by compass takes practice, but in theory it is simply a matter of keeping the lubber line lined up with the direction you want to go. 
[image: A Danforth steering compass on a boat. ]
Fig 3: A steering compass
Using a hand bearing compass
There are two main types of hand bearing compass.
One is rather like a small steering compass, mounted on a handle (Fig 1). To use, hold the compass at arm’s length, towards the object whose bearing you are trying to measure. Look across the compass, trying to get both lubber lines and the distant landmark lined up with each other. In the photograph, the bearing of the chimney is 160°.
In calm conditions, you may be able to read off the bearing directly from the edge of the card (remembering that the edge scale reads backwards!). When the going gets more lively, you will probably have to take a mental average of several readings as the card swings.
[image: A hand bearing compass with a yellow outer section. A landmark is visible in the distance, across the water. ]
Fig 1: A hand bearing compass
The other type is much smaller, and is designed to be held up close to the eye. A prism built into the top of the compass allows you to see the numbers on the front of the compass card – magnified and in focus – while you look across the compass to more distant objects beyond. Most compasses of this type have a lubber line visible through the prism, but it’s not really necessary: you read off the compass scale immediately below the target object. In the photograph, the bearing of the church is 163° (Fig 2).
Like the arm’s length compass, this type is easy to use in calm conditions, but as the boat starts jumping about you are likely to find yourself having to take a mental average from a
Compass errors
Correcting for compass errors
Checking for deviation
	Take the boat to a known position (ideally one where there is a fixed mark such as a pile or beacon surrounded by navigable water) and aim the bows at each of several distant landmarks in turn, noting the compass bearing (direction) of each landmark as you do so.

	Then, on the chart, measure the true bearing of each landmark from your known position.

	Convert the true bearings to magnetic bearings, by adding westerly variation (or subtracting easterly variation). 

	Compare the magnetic bearing of each landmark with the compass bearing you measured with your own compass. The difference between them is the compass error.

	If the compass bearing is greater than the magnetic bearing, label the error west.

	If the compass bearing is less than the magnetic bearing, label the error east.

Measuring direction on a chart 
Using a Breton Plotter
	To measure the direction of a line on the chart, place the plotter on the chart with one of its long edges lined up with the line. Then rotate the protractor so that the lines marked on it are parallel to the meridians and parallels on the chart, with the north mark pointing north (Fig 1).

	To draw a line in a particular direction is almost exactly the reverse:

Measuring depth
Different kinds of direction
	Bearing – the direction of one object from another.

	Course – the direction the vessel is being steered.

	Heading – the direction the vessel happens to be pointing at any given moment.

	Track angle – the direction the vessel is actually moving: it is often abbreviated to Track, and can also be known as Ground Track, Course Made Good, or Course over Ground.

	Water Track – the direction the vessel is moving through the water, and sometimes called the Wake Course.
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