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Introduction 
 

This Manual has been written to provide a basic knowledge of the theoretical and practical aspects 

of aviation navigation. 

The practical techniques are directed towards open-cockpit sport aircraft. The difficulty of carrying 

and using navigation charts and equipment in some sport aircraft is recognised. Nonetheless, there 

is a regulatory requirement for charts and flight plans to be carried and used. With practice and 

guidance, pilots will develop suitable techniques for their use in sport aircraft. 

The content of this manual is based on the handbook developed by ASRA and has been 

reproduced by SAFA with permission. Other information based on general regulatory requirements 

is also included. 

The copyright of this manual remains with ASRA and the SAFA gratefully acknowledges ASRA in 

allowing the SAFA to use this information.  

 

 

Abbreviations and definitions 
 

Angle of inclination: the angle between the horizontal and the lines of force associated with the 

Earthôs magnetic field. At the poles this angle approximates 90°. 

Cross-country flight: a flight that extends beyond a 25 NM radius of the departure point. 

Elevation: the height of a ground feature above the mean sea level pressure datum. 
 

Equator: an imaginary line on the Earth's surface equidistant from the north and south 

poles. 

Great circle: an imaginary line on the Earthôs surface that represents the shortest distance 

between those points. 

Isoganal: a line connecting points on a chart with equal magnetic variation.  

KTS: knots or nautical miles per hour 

Lambert Conformal Conic projection: a projection that conceptually seats a cone over the 

sphere of the Earth and projects the surface conformally onto the cone. 

Latitude: a geographic co-ordinate that specifies the northïsouth position of a point on the 

Earthôs surface. Often referred to as parallels of latitude. 

Longitude: a geographic co-ordinate that specifies the eastïwest position of a point on the 

Earthôs surface. Often referred to as meridians of longitude. 

Magnetic north: the direction that the north end of a compass needle points corresponding to the 

direction of the Earthôs magnetic field lines at that point. 

Magnetic variation: the angle on the horizontal plane between the direction of magnetic north 

and true north. 
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Meridian: an imaginary arc on the Earthôs surface from the North Pole to the South Pole. 

MIN: minutes 
 

NM: nautical miles 
 

Rhumb line: a line which crosses all meridians of longitude at the same angle. 
 

Transverse Mercator projection: a map projection that delivers high accuracy in zones less 

than a few degrees in eastïwest extent. 
 
 
 

 

Terminal area: a terminal control area (TMA) which is defined as a control area normally 

established at the confluence of air traffic service routes in the vicinity of one or more major 

aerodromes in which air traffic services are provided by Approach and Departures Control 

(Manual of Air Traffic Services). 

True north (geodetic north): the direction along the Earth's surface towards the geographic 

North Pole which is the point in the northern hemisphere where the Earthôs axis of rotation 

meets its surface. 

° : degrees (e.g. 30°C) 
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The Basics 
 

The Earth 
 
 

 

 

Fig. 1 An oblate spheroid 
 

The shape of the Earth is very close to that of an oblate spheroid, a sphere squished along 

the orientation from pole to pole resulting in a bulge around the equator (Fig. 1). 

To navigate from one point on the Earth to another, it is necessary to know the relative positions 

of these points and of those around them. A convention was determined and was devised 

centuries ago by sailors and explorers whose task it was to sail the oceans in search of new 

territories for trade and other purposes. These conventions survived the test of time and are still 

used in all aviation-related navigation exercises. 

Latitude and longitude 
 

 

Fig. 2 A map of the Earth showing meridians of longitude and parallels of latitude 

The Earth is divided by a series of lines drawn through the poles and another series drawn at 

right angles to these and parallel to each other. The lines through the poles are known as 

meridians of longitude and those intersecting these meridians are parallels of latitude (Fig. 

2). 
 

When viewed from space from a position above either of the poles, the outer edge of the Earth 

can be represented as a circle containing 360*. In order to differentiate one meridian from 

another, a naming convention was devised such that the 0* meridian passes through Greenwich 

in the UK. From this prime meridian, each degree to the east was annotated sequentially up to 

180*. The same applies to the west of the prime meridian. 
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For the parallel lines drawn intersecting the meridians, the centre of the ñbulgeò in the spheroid is 

called the equator and parallels spaced 1°(degree) apart are drawn both north and south of the 

equator and named accordingly, starting at the equator which is the 0° parallel of latitude and 

ending at the respective poles which are 90° north and south of the equator. Hence, the position 

of a point on the Earth can be located by referring to its latitude and longitude. Degrees of latitude 

and longitude are further divided into smaller segments of which there are 60 per degree, these 

segments being termed minutes. One minute of longitude represents one nautical mile (NM) at 

the equator only. 

 

Mapping 
 
 

 

 
Fig. 3 The distortion created by charts 

 

Charts are made by projecting the Earthôs surface onto a flat piece of paper. Distortion of the 

resulting chart results from the three-dimensional nature of the Earthôs surface being flattened 

onto paper (Fig. 3). Of the many projections available, a Lambert conformal conic projection 

is most often used for the aeronautical charts in visual navigation. In essence, the projection 

superimposes a cone over the sphere of the Earth, with two standard parallels secant to the 

globe and intersecting it. This minimises the distortion of projecting a three-dimensional surface 

to a two-dimensional surface. There is no distortion along the standard parallels, but distortion 

increases the further from the standard parallels one moves. During chart construction, care is 

taken to ensure that the meridians always represent the actual direction of true north. This 

provides a reference from which to determine direction and the meridians accurately represent 

distance over the area covered by the chart, with one minute of longitude representing 1NM. 

Therefore, on aeronautical charts tracks and distances must always be referenced to the 

meridians on the chart. 
 

Pilots favour these charts because a straight line drawn on a Lambert conformal conic projection 

approximates a great-circle route between endpoints. 
 

A great circle is the shortest distance between two points on the Earthôs surface. If drawn on the 

Earthôs surface, a great circle line appears as a straight line, but on a chart it is represented 

accurately by a curve concave to the equator. However, the scale of the aeronautical charts used for 

visual navigation is such that for practical purposes, a straight line may be considered to be a great 

circle. 
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True north ï Magnetic north 
 

From the above, it is known that aeronautical charts are referenced to true north. However, for 

practical basic navigation, a microlight has no way of determining the direction of true north. A 

practical alternative was needed, and it was found that the direction of magnetic north could be 

determined on or near the Earthôs surface by using a compass. 
 

The Earthôs magnetic field is created by the molten plasma that forms the centre of the Earth. It 

terminates in two poles, the north and south magnetic poles, which are not 

co-incident with the true poles. As such, - the Earth is like a magnet and has a magnetic field. 
 

 

Fig. 4 The magnetic fields generated by a permanent magnet 

 
 

Fig. 5 The magnetic fields generated by the Earth 
 

The above two illustrations show the magnetic fields generated by a permanent magnet (Fig. 4) 

and the Earth (Fig. 5). The magnetic field of the permanent magnet (Fig. 4) has been 

highlighted using iron filings. 
 

The lines of force do not run parallel to the surface of the magnet, but form curves that dip 

down to both magnetic poles. The angle between the horizontal and these lines of force is 

known as the angle of inclination. At the poles, the magnetic field lines are at approximately 

90* the surface. 
 

The magnetic fields of force associated with the Earth are very similar. In fact by definition, 

the Earthôs magnetic poles are the points on the Earthôs surface where the angles of 

inclination are 90* to the surface (horizontal). 
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Fig. 6 Points of the compass 

 

The Earthôs magnetic field can be detected with a compass. Navigation compasses use a 

compass card which incorporates a permanent magnet supported by a jewelled pivot at its 

centre. The alignment of the permanent magnet is such that a given point on the compass card 

always points to magnetic north. 

 

From the mapping section above, it is known that the meridians are aligned with true north, but 

there is nothing on the charts aligned with magnetic north. The angular difference between true 

north and magnetic north is known as variation and is expressed in degrees. Variation is not the 

same at all points on the Earthôs surface and shows small but regular changes. 
 

 

 

Fig. 7 The movement of the magnetic north pole from before 300 AD until 2000 AD 
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Fig. 7 is a plot showing the movement of the magnetic north pole from before 300 AD until 

2000 AD and its relativity to true north. 
 

As the term variation refers to the difference between true north and magnetic north, this 

value must be known before information obtained from a chart and referenced to true north 

can be used on a compass that is referenced to magnetic north. 

 
 

Fig. 8 Lines of equal variation or isoganals on a world map 
 

Fig. 8 depicts a world map showing lines of equal variation or isoganals. They appear on all 

aeronautical navigation charts together with the date for which they were valid. 

Some charts advise the movement of these isoganals annually, but for practical 

purposes they may be considered accurate over a period of some 20 years or so. 

Variation may be east or west, easterly variation being annotated by the symbol + and 

westerly variation by ï. The following simple expression is used in the application of variation: 

Variation east, magnetic least. Variation west, magnetic best. 
 

In Australia, variation is east in all areas except for a small area in the south-western region 

of West Australia. 
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Aeronautical charts 
 

World Aeronautical Charts (WACs) 
 

Fig. 9 depicts a section of a World Aeronautical Chart (WAC) showing how potentially useful 

information for visual navigation is portrayed in various forms and utilises colours and symbols to 

differentiate each type of feature. Each WAC contains legends in both the lower and left-hand 

margins. The lower margin shows the symbol displayed, together with a description of the symbol 

(e.g. roads, railways, rivers, mountains, airports, towns and cities and other topographical features). 

The left-hand margin contains a chart of hypsometric and bathymetric tints. Hypsometric means 

elevations above mean sea level and bathymetric means depths below mean sea level. Different 

tints are contained within an area bounded by lines known as contour lines. These contour lines join 

points on the chart of equal elevation and reflect the boundaries of the tints shown in the legend. The 

tinted area within the contour boundaries is at or above the elevation represented by the lower 

contour line itself. As a general rule, the darker the tint, the higher the terrain elevation. 
 

Fig. 9 Information for visual navigation as it appears on a World Aeronautical Chart 
 

Although not obvious due to the size of the section in Fig. 9, the parallels of latitude are in fact 

slightly curved, whereas the meridians of longitude are straight lines. The scale 

of a WAC is 1:1,000,000 or one in a million, meaning that one centimetre on the chart 

represents 1,000,000 centimetres of the Earth. 
 

Three types of tracks can be drawn on a WAC: straight line, rhumb line and great circle. 
 

A straight line on a chart is the shortest distance between two points. However, a straight 

line cannot be drawn on the Earthôs surface since that surface is curved. 

A rhumb line is a line that crosses every meridian at the same angle. A parallel of latitude 

is a rhumb line. A straight line is not. Rhumb lines always have a direct relationship with 
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true north as they cross the meridians at the same angle. 
 

A great circle is a line between two points on the Earthôs surface which represents the 

shortest distance between the points. A meridian is a great circle, as is the equator. A great 

circle, drawn other than on the equator does not intersect each meridian at the same angle. 
 

The WAC is a Lambert conformal conic projection which has the properties of a straight 

line representing an approximate great circle and a rhumb line over a short distance. The 

scale is almost constant over the chart and can be taken as constant for practical purposes. 

The meridians are straight lines running north/south to the true poles. The charts are 

constructed such that one minute of longitude equals 1 NM and every second meridian on the 

chart is graduated into one minute or 1 NM graduations. The meridians are not parallel so to 

measure a bearing, the protractor must be aligned with the middle meridian on the line being 

measured or plotted. 
 

Track/Bearing measurement 
 

1. Draw a straight line between the departure point and the destination point. 
 

2. Select a meridian approximately halfway along the track. 
 

3. Place the north/south centre-line of the protractor exactly on the meridian with the north 

cursor aligned to the north of the chart. 
 

4. Place the grommet hole of the protractor exactly on the track line and ensure that the 

protractor is still aligned accurately on the meridian. 
 

5. Read off the degrees on the outer scale of the protractor. Select the nearest whole 

number as fractions of degrees are not practical. Fig. 10 shows the track from Broome 

to Derby is 067* true. 

 
 

Fig. 10 Measuring a bearing to show the track from Broome to Derby is 067* true 
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6. Select the isoganal nearest to the centre meridian and read the magnetic variation 

written on it. In Fig. 10, the isoganal is to the left of the protractor (2 ½ * east). 
 

7. Apply the variation as indicated earlier (variation east, magnetic least). 

067* ï 2* = 065* magnetic. Note: the ½ degree may be added to or subtracted from 

the whole degrees obtained from the isoganal as in practical terms, a compass cannot 

be read to that degree of accuracy during flight. 

 
 

Fig. 11 An alternative way of measuring a track angle 

 

Fig. 11 shows an alternative way of measuring a track angle. 
 

1. Position the protractor such that the north cursor is aligned with the planned 

direction of flight. 
 

2. Move the protractor until the centre grommet hole is centred over a meridian 

approximately mid track. 
 

3. Recheck alignments and read off the bearing against meridian at the top of the 

protractor on the inner scale. Take care that the bearing is read starting with the lower 

printed whole number (60 in Fig. 11). 
 

4. Apply the variation in the same way as described above. 
 

The main advantage of this method is that the north cursor (arrowhead) is pointing in the 

direction of the planned flight. 

  


