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16
PILOT NAVIGATION  

AIM 
To teach the student how to navigate the aeroplane under 
visual meteorological conditions using pilot navigation 
methods. 

INSTRUCTIONAL GUIDE 
Pilot navigation means that navigational activity which 
can be carried out by the pilot when flying an aeroplane. 
The scope of this activity is limited by the confined space 
of the cockpit and the fact that the pilot’s attention is 
divided. Therefore, it is necessary to keep to a minimum 
the procedure involved. 

When introducing this sequence to the student the flying 
instructor must emphasize that the mental processes 
required are simple and that the methods are based on 
common sense. As the ability to navigate is an integral 
part of the art of flying an aeroplane, it should never be 
regarded as being in any sense an addition to a pilot’s 
normal activity. 

During earlier training the student should have gained a 
good appreciation of the use and vagaries of the magnetic 
compass as well as the directional gyro. In addition, whilst 
flying in the local area the student should have been 
given some elementary instruction and practice in map 
reading, particular emphasis having been placed on proper 
orientation of the map and the relating of features on the 
map to features on the ground. Elementary exercises in 
the estimation of distances, bearings and headings to 
reach a chosen point are also very valuable. 

Instructors must ensure that adequate time is allotted 
to post-flight discussion. Investigating mistakes and 
difficulties is one of the best ways of improving pilot 
navigation. 

The number of navigational exercises which will be 
flown during the student’s training will depend on the 
requirements of the syllabus and upon the student’s ability. 
The information which follows represents the essential 
instruction which should be given, and must be incorporated 
in the most appropriate way in the student’s training. 

PRE-FLIGHT BRIEFING 
CONSIDERATIONS 

FLIGHT PLANNING 
The successful completion of a navigation flight is largely 
dependent upon pre-flight preparations and planning. The 
instructor must therefore impress upon the student the 
importance of completing the pre-flight preparation in a 
thorough and systematic manner. The following order is 
suggested: 

(I) 	 Weather 

(ii) 	Preparation and study of maps 

(iii) 	Preparation of flight plan 

(iv) 	Filing of flight plan or flight notification 

A forecast and NOTAMs to cover the route should be 
obtained by facsimile message or from the internet. 

Point out to the student how to interpret this forecast 
to ensure that the whole flight can be conducted under 
Visual Flight Rules. Particular attention must also be given 
to the wind velocity at the height at which the flight is to 
be undertaken as strong winds may seriously affect the 
ground speed of the aeroplane. 

Having completed the meteorological study, the next step 
is to brief the student on the preparation and study of the 
maps and charts to be used on the flight. It is important 
that the student be taught to make intelligent use of the 
appropriate en-route and terminal charts in conjunction with 
the appropriate topographical charts. On the appropriate 
chart have the student draw in the required tracks, bearing 
in mind the necessity to use lanes of entry, the need to 
avoid, or to take the necessary action to enter, controlled 
airspace, restricted airspace  and prohibited areas. Bear 
in mind also the suitability of terrain in case of a forced 
landing and the location and frequency of check points. 
Show the student how to select unmistakable check 
features every 20 miles or so along the track. These check 
points should be features on or near the intended track and 
of such prominence that the pilot-navigator can easily fix 
his or her position when they appear. 
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Ensure that the student is aware of the major factors 
influencing the choice of cruising levels. These factors are 
the wind velocity, cloud en route, terrain clearance and 
the necessity to conform with the selection of cruising 
levels both outside and within controlled airspace. 

At the flight planning stage it is also important to decide 
on the Search and Rescue (SAR) protection available and 
to know the way it may be achieved. 

Show the student how to determine cruising speeds and 
fuel consumption figures from the cruising charts shown 
in the aeroplane’s Flight Manual or Owner’s Handbook. 

When preparing the flight plan ensure that the student 
has completed it accurately and legibly. Insist that the 
student always estimates the distances, headings and 
time intervals before measuring or calculating. This 
applies also to the estimation of fuel requirements. In 
this way a double check of the flight plan is made. Brief 
the student on how to lodge the flight plan or flight 
notification, or SAR requirements. 

Finally, remind the student of the fuel reserves that must 
be carried, also of the importance of terminating the flight 
with a suitable margin before last light. 

DEPARTURE 
The student must be briefed on the method of departure. 
In the early stages it is advisable (but often not practical) 
to make an accurate departure from a point directly over 
the airfield. 

Ensure the student is aware of any procedures and 
restrictions which must be complied with on departure. 
Impress on the student the necessity to log the departure 
time and to ensure within the first few minutes that there 
is no gross heading error and is in fact making good the 
correct track. 

EN ROUTE 
Impress on the student that accurate heading keeping is 
essential to the successful outcome of the cross-country 
flight. Where a directional gyro is used remind the student 
of the necessity to ensure that it is aligned with the 
compass at frequent intervals. 

It must be stressed to the student that after the compass 
the aeroplane’s clock (or a watch) is navigationally the 
most important instrument, as the time factor is vital in 
fixing a position. With a knowledge of the flight planned 
time intervals between check points, regular reference to 
a time piece will provide an approximate but continuous 
indication of the aeroplane’s position, the value of which is 
sometimes overlooked by the student when too intent on 
map reading. In essence the normal emphasis is on time, 
then map followed by ground.

‘ONE-IN-SIXTY’ RULE 
Before commencing cross-country flying the student 
should have gained through ground lessons a good 
working knowledge of the ‘one-in-sixty’ rule. Refresh the 
student’s memory on this point. Remind the student that 
it depends on the fact that after traveling sixty miles a 
distance of one mile off track represents a track error of 
approximately one degree, two miles two degrees and so 
on. It is not necessary to travel sixty miles to make use of 
the rule; for example three miles off track after ten miles 
traveled is equivalent to eighteen miles off track after sixty 
miles which represents a track error of eighteen degrees. 
In the initial stages the student should be briefed to regain 
the track by doubling the track error and flying the new 
heading for the same time it took to build up the track 
error. This should put the aeroplane back on the required 
track, then flying the original heading, plus or minus the 
track error, should keep it there. 

 The use of ten degree drift lines can also assist in the 
application of this rule.  

PILOT NAVIGATION
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LOG KEEPING 
The student must be briefed on the method of keeping a 
log in the air. The primary purpose is to record sufficient 
data to enable the pilot to fix the aeroplane’s position at 
any time. This data is invaluable should the pilot become 
unsure of his or her position. Another requirement 
which is automatically met by a good flight plan and 
log is that the information required for radio position 
reporting is readily available. Additionally, in the event of 
an emergency the position of the aeroplane can be more 
easily determined. A good log also helps the student 
to understand the methodical sequence of navigational 
activity and greatly assists in post-flight analysis. Except 
for short flights a pilot cannot mentally retain all the 
details to satisfy these requirements. For the pilot-
navigator a good log does not imply rows of neatly printed 
words and figures but rather that the in-flight log should 
show the pilot where he or she is, or should be, at the 
given time. The log should therefore record the departure 
time, fixes and time of each fix, changes of headings and 
airspeed and times of making them, ETA’s and revised 
ETA’s whenever found and the times of arrival at turning 
points and destinations. The instructor must stress the 
importance of checking and re-checking the ground speed 
whenever the opportunity arises. This particular facet of 
pilot navigation becomes doubly important when flying 
over featureless terrain. These entries can be made on the 
log part of the flight plan form, or even on the map if it 
has been specially prepared, e.g. with a plastic cover and 
using a china-graph pencil.

MAP READING 
Correct map reading is a particular means of fixing the 
aeroplane’s position and it must be considered as the 
chief navigational aid to flight in visual meteorological 
conditions. However, the student must be briefed to 
understand that map reading should only be used as an 
aid to, and not as a method of, pilot navigation. Students 
must be briefed this way because there is a tendency 
for the learner to feel that the process of fixing position 
by looking at the ground should be an almost continuous 
one. Therefore the non-appearance of any particular check 
feature may cause unwarranted anxiety resulting in large 
alterations of headings, a lost sense of time and finally in 
becoming lost. Map reading therefore must be looked on 
as an aid to pilot navigation, the fundamental principle of 
which is deduced (dead) reckoning. 

The student must understand that there are four basic 

factors upon which the success of map reading depends. 
These are knowledge of direction, knowledge of distance, 
identification of features and the selection of landmarks. 
To help the student in his knowledge of direction brief 
on the method of orientating the map. By doing this the 
student will relate the direction of land features to their 
representations on the map, so aiding recognition. With 
the map orientated it also becomes easier to compare 
distance between landmarks on the ground with their 
corresponding distances on the map, thus helping the 
fixing of position. The combination of the first two basic 
factors makes the identification of features possible. 

The basic principle governing the selection of landmarks 
is the ease with which they can be identified and the 
student must be briefed in the selection of these 
landmarks with this in mind. The conspicuousness of 
any feature depends on the angle of observation, the 
dimensions and the uniqueness of the feature. At low 
levels features are recognized by their elevation, as height 
is increased the plan outline becomes more important. 

The dimensions of a feature play a great part in 
determining its usefulness in map reading. A feature 
which is long in one direction and sharply defined in the 
other is often useful. The length makes the feature easier 
to see despite airframe restrictions on some aeroplanes 
to downward vision, and its shorter dimension often 
permits an accurate estimation of position relative to 
the feature, either in tracking along it or in timing the 
movement of flight directly above it. To avoid ambiguity 
the ideal feature should be unique in that it should be the 
only one of its particular outline in the vicinity. 

A student will be carrying out solo cross-country 
exercises only in good weather conditions which permit 
continuous visual observations of the ground. The student 
must understand that with a knowledge of the flight 
planned or actual ground speed, it is possible to look for a 
definite feature at a definite time. Under these conditions 
you must map read from map to ground. Having identified 
the selected feature a positive check on additional ground 
detail surrounding the feature should be made. 

PILOT NAVIGATION
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LOW LEVEL NAVIGATION 
This exercise should be carried out to give a terrain 
clearance of no less than 500 feet for the route segments 
in question. 

Low level navigation is based on the same conventional 
methods as normal pilot navigation. The difference is that 
the field of view is restricted and the time available for 
recognition of ground features is much reduced. At low 
level, navigation becomes a mixture of mental plotting and 
high speed map reading. 

The student must be briefed on the particular differences 
in pre-flight planning for the low level exercise. Show how 
to choose features both in number and type with a special 
view of their value as aids at low altitude. 

Spot heights are frequently excellent features to 
recognize at low level. Projecting edifices such as high 
monuments, towers, silos and factory chimneys are very 
useful at low level but may in fact be almost invisible 
when high up. In addition it may not be possible to fly on 
a direct track as built up areas may lie on this track. 

The student must think ahead and be alert for the 
appearance of the check features, and must make 
reasonably quick decisions in recognizing them. If 
a feature fails to appear there will be no time to be 
concerned but the student must concentrate on looking 
out for the next one. The number of check features 
required is in general greater at low level than for a similar 
flight distance at normal height. 

At low level, log keeping is restricted to fewer entries 
because of aeroplane handling considerations, and at times 
it may not be possible with safety to make log entries. 

RANGE AND ENDURANCE 
As students progresses with navigation techniques 
they should be made fully aware of the basic principles 
involved in range and endurance flying and in particular, 
should be fully aware of the particular configurations 
applicable to the type of aeroplane in which they are 
training in. 

RANGE FLYING 
The following points should be stressed in a briefing on 
this subject: 

(i)	� From the point of view of the airframe it must 
be flown at the IAS corresponding with the best 
obtainable lift/drag ratio. This IAS will remain the same 
whatever the height but will increase or decrease 
slightly depending on the weight of the aeroplane. For 
practical purposes in light aeroplanes this factor can 
be ignored and the one IAS applied to a particular type 
of aeroplane. 

(ii)	� From the point of view of the engine there is a best 
height at which to fly. This height will depend upon 
the engine type and the propeller fitted. A normally 
aspirated engine fitted with a fixed pitch propeller 
is usually most efficient at sea level. Therefore the 
height to fly in this case would be as low as possible 
consistent with safety. Where the same engine is 
fitted with a constant speed propeller, a combination 
of high manifold pressure and low RPM will normally 
give the best air miles per gallon, the height here 
being dependent on engine type and propeller. In all 
cases the student’s attention must be drawn to the 
performance charts prepared by the manufacturer 
for the particular aeroplane. Weak mixture should be 
used and the carburettor heat kept ‘cold’ whenever 
possible. The student must be briefed to consider the 
effect of the wind, and the possibility of flying at an 
altitude other than that recommended to reduce a 
possible head wind component or take advantage of a 
tail wind component. 

ENDURANCE FLYING 
The speed for endurance flying is the speed at which 
the engine is required to deliver the minimum power 
necessary to maintain height. Manufacturers recommend 
an endurance speed and this does not vary with height. 
However, the engine power required to achieve this speed 
does increase with altitude and therefore from the point 
of view of the engine the aeroplane should be flown as 
low as possible. 

Point out that wind has no effect on flying endurance. 

PILOT NAVIGATION
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CROSS-COUNTRY EMERGENCY PROCEDURES 
The principle cause of getting lost is undoubtedly human 
error. The student pilot must clearly understand that there 
is a great difference between being uncertain of your 
true position whilst knowing your DR position and being 
completely lost. 

The instructor must point out that it is impossible to give 
a set of rules which will cater for all circumstances and 
must stress the futility of aimlessly flying around in the 
hope of finding a pin-point. 

If a student thinks he or she is lost, the first action should 
be to decide on what was the last positive fix, then check 
the headings steered since that fix.  Ensure that: 

	 (a) �the directional gyro is aligned correctly with the 
compass 

	 (b) the variation and drift are correctly applied 

	 (c) �the estimation  of track direction on the map 
against that shown on the flight plan is correct and 

	 (d) �the magnetic compass is not affected by 
interference such as a portable radio or camera 
placed close to it. 

The next step should be to establish the most probable 
area over which the aeroplane is now flying. This may be 
done by estimating the distance flown since the last fix 
and applying this distance, plus or minus 10%, to an arc 
30 degrees either side of the probable track made good. 
Now check features in this area of the map against what 
may be seen on the ground. 

If still unable to fix position, the pilot should now consider 
taking one or more of the following actions: 

	 (a)	� seek navigational assistance from ATS. Pilots 
are frequently reluctant to take this step, fearing 
subsequent ‘Incident Report’ action. The instructor 
should emphasize the wisdom of seeking such 
help at an early stage rather than as the final 
resort, or 

	 (b) 	� steering the reciprocal heading and attempting to 
return to the last fix, or 

	 (c) 	� climbing to a higher altitude, thereby increasing 
the range of vision, or 

	 (d) 	� turning towards a known prominent feature, such as 
coastline, mountain range, railway line or large river. 

Whilst carrying out any of the foregoing actions, the 
instructor must emphasize the importance of keeping 

the navigation log going. One feature by itself may not 
establish the position but two or more within a reasonable 
time may give the clue. The information in a navigation log 
may also be of great assistance to ATS or other persons 
trying to assist the pilot. Remind the student to determine 
a safe endurance and also to consider flying the aeroplane 
for maximum range. 

When the position is apparently established the 
importance of doubly checking all features must be 
stressed. 

The student must be briefed on the actions to be taken in 
the event of encountering adverse weather, shortage of 
fuel, running out of daylight, or a partial unserviceability. 
Stress the importance of never hesitating to turn back 
or diverting to a suitable alternative landing area. Finally, 
point out that if for any reason the pilot considers it 
necessary to land on an unprepared surface it is essential 
to carry out an inspection of the selected area before 
landing. Remind the student of the information contained 
in the Aeronautical Information Publication concerning 
actions to be taken after such a landing.  

USE OF NAVIGATION AIDS 
If the aeroplane used for the training is equipped with any 
type of navigation aid designed to interrogate a ground 
based aid, a self contained navigation system or satellite 
navigation system, the student must be taught how to 
use the equipment to assist with visual navigation. Such 
training would need to include how to tune, and identify 
the station selected, testing of the equipment, operating 
ranges and limitations on use. 

AIR TRAFFIC CONTROL PROCEDURES 
A thorough briefing must be carried out on the ATC 
procedures applicable to the route to be flown. Particular 
emphasis must be laid on the use or avoidance of 
controlled airspace and the use of lanes of entry where 
applicable. 

AIRMANSHIP 
The student must not neglect lookout and accurate flying 
while engrossed in navigational matters. See that the 
student does not develop any laxity in these areas. 

Weather conditions must be constantly observed during 
cross-country flights. Any deterioration in weather must 
be carefully assessed and appropriate action taken to 
avoid flight in hazardous conditions.  

PILOT NAVIGATION
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AIR EXERCISE 
	 (a)	 Departure 

	 (b)	 En route 

	 (c)	 Low level navigation 

	 (d)	 Lost procedure 

	 (e)	 Diversion procedure 

	 (f)	 Air traffic control procedure 

On the first cross-country exercise, the student should 
be encouraged to accept as much of the work load 
as possible, but the instructor should assist by flying 
the aeroplane when the student has any difficulty. Ask 
questions and give help as required, pointing out the 
essential features of the exercise. On the second and 
subsequent cross-country flights the student should do 
both the flying and navigating. 

DEPARTURE 
After take-off, climb and turn so as to arrive over the 
airfield at the correct altitude, heading and airspeed. 

If this is not possible due to airspace restrictions, depart 
on the appropriate heading using the recommended en 
route climbing speed for the particular aeroplane. 

Tell the student to log the time of departure and calculate 
his ETA at the first check point. Ensure that the heading 
is accurate and stress the importance of synchronizing 
the directional gyro. Demonstrate how to make a 
commonsense check (i.e. a gross error check) of the 
heading by use of local features. 

EN ROUTE 
When at cruising altitude, demonstrate how to set the 
desired power and lean the mixture Have the student 
check the compass frequently. Ensure that the student 
map reads correctly by demonstrating the correct 
orientation of the map and show how to map read from 
map to ground. Stress the anticipation of pinpoints by DR 
calculations. Point out how distance estimation is affected 
by altitude, the relative value of ground features and 
the use of distant features as a rough guide to position 
and heading. Unless the error is very great do not try to 
correct track error until the first check feature. As the flight 
progresses show how to apply the ‘one-in-sixty’ rule. 

Insist that the student is accurate in flying headings, 
speeds and heights or flight levels. 

As soon as possible demonstrate how to obtain a ground 
speed check, showing how to revise ETAs at check 
features and destination. Stress the importance of logging 
such information. 

When approaching the ETA of the destination warn the 
student to map read more carefully and to be prepared to 
make a large change of heading. 

During the en route phase of the flight encourage the 
student to obtain pin-points, when plentiful, at no greater 
intervals than about every ten minutes. 

After logging a pin point, changing heading or at about 
15 minute intervals it is advisable to conduct checks 
which encompass all the following applicable items. The 
mnemonic FCLEAR is suggested if there is no other 
procedure specified: 

Fuel (management) – amount remaining, check against 
planned consumption, consider need to change tank, 
power setting, mixture and use of carburretor heat 

Compass, check directional gyro and check for gross error 
after a heading change 

Log pertinent detail 

Engine, check temperatures and pressures 

Altimetry, check for correct altimeter sub scale setting 

Radio, ensure correct frequency and volume setting, 
make call if required 

LOW LEVEL NAVIGATION 
During this exercise point out the special conspicuous 
features which were chosen during the flight planning 
stage as being easily recognizable at low level. Point out 
their changed aspect and relative importance compared 
with higher level navigation. 

Stress the limited field of vision and show that there 
is great need for anticipation and quick recognition of 
features. Impress again that to achieve this, careful pre-
flight map study was essential. 

During the flight it is quite likely that a few of the check 
features may pass unnoticed by the student. Point out 
that it is here that mental DR is invaluable in determining 
position. Therefore, if the appearance of any check feature 
is according to the dead reckoning overdue, always 
assume that it has been passed and tell the student to be 
in readiness for the next. 

 

PILOT NAVIGATION



PAGE  68 C i v i l  Av i at i o n  S a f e t y  A u t h o r i t y

For the above reasons map preparation for planned low 
level navigation will usually be to mark the track at two 
minute intervals. For higher level navigation, maps are 
often marked along the intended track at 20 nautical mile 
intervals. 

Whilst it should never be necessary for the pilot of a 
civil aeroplane to navigate at less than 500 feet above 
ground level it must be stressed during this exercise that 
a very good lookout must be maintained. The presence of 
unusually high and difficult to see obstructions and built 
up areas must be anticipated and avoided. 

EMERGENCY PROCEDURES 

LOST PROCEDURE 
Students will often believe themselves lost during their 
navigation training. If this happens make use of the 
situations by demonstrating the lost procedure. 

If the student does not become lost then he or she should 
be made uncertain of the aircrafts position by use of: 
• simulated instrument flight; or

• denied use of a map; or

• simulated compass failure; or

• other similar methods.

  In the early stages of demonstrating this exercise allow 
the student to keep a log of all times and headings flown. 
Later however, make the student establish your position 
without being armed with this knowledge. 

In all cases teach the student first to establish a circle 
of uncertainty. This is centered on DR position with a 
radius of 10 per cent of the calculated distance from 
the last fix. If  en route continue to fly to the next check 
point, meanwhile map reading from ground to map. At 
ETA continue to fly for a further 10 per cent of the flying 
time since the last fix. If by this time the student has 
not established a positive position, demonstrate how to 
choose a prominent feature, preferably a long line feature 
and head for this feature. 

Point out that this exercise is a good opportunity to put 
into practice the range flying procedures. When a pilot 
becomes lost en route the aeroplane should be flown in 
the configuration to give maximum range.  

DIVERSION PROCEDURE 
At some stage during a cross-country exercise, simulate 
deteriorating weather conditions necessitating an 
unplanned diversion to an airfield other than the point of 
departure or destination. 

Have the student pass you a new heading and ETA for 
this destination and have the student fly for range during 
this leg. 

To make the exercise more realistic introduce simulated 
conditions so that the student has to hold some way 
from the alternate aerodrome for an indefinite time. This 
time should in practice be only long enough to set up the 
aeroplane configuration for maximum endurance. 

USE OF NAVIGATION AIDS 

Once the student has demonstrated proficiency in pilot 
navigation techniques, the use of navigation aids to assist 
with navigation should be introduced. The student needs 
to be able to switch on the equipment, tune and identify 
the appropriate station and use bearing and or range 
information to assist with navigation as well as tracking to 
and from the station. 

Limitations on the use of the equipment should be 
demonstrated and use made of simulator training for 
these exercises. 

AIR TRAFFIC CONTROL PROCEDURES 
During all dual navigation exercises insist on a high 
standard of radio procedure and strict observance of ATC 
clearances and requirements. Point out that no matter 
how skillfully the student can fly or map read, a student’s 
knowledge is quite incomplete if unable to safely and 
confidently abide by all airspace requirements. 

PILOT NAVIGATION


