
 
 

MILITARY CADETS 
 
 

 
 
 

NAVIGATION MODULE 
 
 
 
 
 
 
 
 

Surname:  ____________________________ 

First name:  ____________________________ 
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Military Cadets 
 

Navigation Module Syllabus 
 
Lessons (tick when complete) 
 

 Introduction to the map (1 period) 

 Grid References (1) 

 Map scale and measuring distances (1) 

 Relief and Contours (1) 

 Sections and gradients (1) 

 Map to Ground Exercise (2 Prac) 

 Direction and the service protractor (1) 

 The Compass (Kapooka 3.1.7) (1) 

 Position finding and resection (1) 

 Compass and Resection Exercise (3 Prac) 

 Determine inter-visibility (1) 

 Navigation Planning (1) 

 Conduct of navigation, aiming off and bypassing techniques (1) 

 Introduction to Night Navigation (1 theo/prac) 

 Introduction to GPS (1) 

 Theory test (2) 

 Navigation Practice (up to 15) 

 
Total periods = 35 
 
Stores required for this module: 

 1 x Module booklet per instructor/trainee 

 1 x Prismatic or Silva compass per three trainees (prefer 1 per person) 

 1 x Protractor per trainee (when using prismatic compasses) 

 1 x Topographical map (of the training area used for the weekend camp) per 
instructor/trainee. 

 Qty x A4 blank paper. 
  



Military Cadets 
Navigation Module Training Program 

Term:___  Year: _____ 
 

Day 
(Wk) 

Date Per Timings Lesson Loc Instr Remarks 

Fri (1)   1 1840-1920 Unit drill PG   

  2 1930-2010 Introduction to the map CR   

  3 2040-2120 Grid References CR   

Fri (2)  1 1840-1920 Unit drill PG   

  2 1930-2010 Map scale and measuring distances CR   

  3 2040-2120 Relief and Contours CR   

Fri (3)  1 1840-1920 Unit drill PG   

  2 1930-2010 Sections and gradients CR   

  3 2040-2120 Revision CR   

Fri (4)  1 1840-1920 Camp Admin 
PG 

 Drop off 
point 

  2 1930-2010 Establish harbour loc FD   

  3 2040-2120 Revision FD   

Sat  1 0610-0700 Physical Training / Pack march FD   

   0700-0810 Morning routine FD   

  2 0810-0850 Map to Ground Exercise FD   

  3 0900-0940 Map to Ground Exercise FD   

  4 0950-1030 Direction and the service protractor FD   

   1030-1100 Morning Tea break FD   

  5 1100-1140 The Compass FD   

  6 1150-1230 Position finding and resection FD   

   1230-1330 Lunch break FD   

  7 1330-1410 Compass and Resection Exercise FD   

  8 1420-1500 Compass and Resection Exercise FD   

   1500-1530 Afternoon Tea break FD   

  9 1530-1610 Compass and Resection Exercise FD   

  10 1620-1700 Determine inter-visibility FD   

  11 1710-1750 Navigation Planning FD   

   1750-1840 Evening Routine FD   

  12 1840-1920 Conduct of navigation, aiming off and 
bypassing techniques 

FD 
  

  13 1930-2010 Reserved FD   

  14 2040-2120 Reserved FD   

Sun  1 0610-0700 Physical Training / Pack march FD   

   0700-0810 Morning routine FD   

  2 0810-0850 Navigation Practice FD   

  3 0900-0940 Navigation Practice FD   

  4 0950-1030 Navigation Practice FD   

   1030-1100 Morning Tea break FD   

  5 1100-1140 Navigation Practice FD   

  6 1150-1230 Navigation Practice FD   

   1230-1330 Lunch break FD   

  7 1330-1410 Navigation Practice FD   

  8 1420-1500 Navigation Practice FD   

  9 1500-1540 End of camp admin FD   

   1540-1600 Final Parade PG  Pick up point 

  



Fri (5)  1 1840-1920 Unit drill PG   

  2 1930-2010 Introduction to GPS CR   

  3 2040-2120 Introduction to Night Navigation PG   

Fri (6)  1 1840-1920 Unit drill PG   

  2 1930-2010 Practice Theory Test CR   

  3 2040-2120 Practice Theory Test CR   

Fri (7)  1 1840-1920 Unit drill PG   

  2 1930-2010 Theory Test CR   

  3 2040-2120 Theory Test CR   

Fri (8)  1 1840-1920 Unit drill PG   

  2 1930-2010 Retests / Orienteering exercise CR  Orienteering 
ex for those 
who passed 

  3 2040-2120 Retests / Orienteering exercise 
CR 

 

Fri (9)  1 1840-1920 Reserved / Unit training    

  2 1930-2010 Reserved / Unit training    

  3 2040-2120 Reserved / Unit training    

Fri (10)  1 1840-1920 Reserved / Unit training    

  2 1930-2010 Reserved / Unit training    

  3 2040-2120 Reserved / Unit training    

LEGEND: CR = Classroom, PG = Parade Ground, FD = Field, BK = Barracks 
 
 
 
  



LESSON 1: THE MAP 
 

INTRODUCTION 

General. A map is a scaled plan of a portion of the earth’s surface. As the earth’s surface is curved, there is 
always some degree of distortion on a map, due to the type of projection used. For example, a large piece 
of orange peel, when flattened, will tear around the edges and squash together at the centre. As long as 
the land area contained on the map sheet is not large, this distortion will be small and will not concern the 
map user. 

Mapcraft. It is not sufficient for a student of map reading to be able to extract information shown on a 
map, give grid references, read and plot bearings and measure distances. Mapcraft involves being able to 
relate the map to the ground and the ground to the map. 

THE AIMS OF MAP READING 

The aims of map reading are to: 

a. enable the soldier to find his way about the country and recognize features on the ground and 
on the map;   

b. enable the soldier to understand the information given on the map so that he can picture the 
ground and its tactical and administrative possibilities and limitations, even though he has not 
seen it; and  

c. assist in the quick and accurate transmission of information and orders involving movements 
and dispositions. 

THE CARE OF MAPS 

Maps are valuable documents and their supply is limited. They must be treated with care to prevent 
damage. Most damage to maps occurs when the user opens them out fully in the open air or in moving 
vehicles. There is always a slight breeze to catch them and start small tears which quickly spread. To 
prevent tears, maps should be folded in such a way that any part can be referred to without having to open 
the map fully out. 

Figure 1 shows how to fold a map. It should be first folded in half with the map detail outwards. It is then 
folded across the other way, concertina fashion, as illustrated. The number of folds will depend on the size 
of the map. The aim is to reduce the map to a convenient size for carrying and, at the same time, ensure 
that there is a reasonably large area for studying when two folds are opened like a book. Folded in this 
manner, any part of the map can be studied by opening the appropriate folds. 

Once a map is folded, it should be left folded. The detail at creases is bound to deteriorate but that 
deterioration will be less than if the map was constantly folded and unfolded. The folded map should be 
protected by placing it in a map case or plastic bag. The map may also be protected by the use of a 
mapboard or stick-on clear plastic. 

If the map has to be marked, it should be done lightly in pencil so that the marks can be easily rubbed off. 
On operations, the marking of maps must be avoided, as they may be of great value to the enemy if they 
are captured. 

 

  
Figure 1. How to fold a map. 

 



TYPES OF MAPS 
 
Below are examples of different types of maps: 
 

 



 



 



 
MARGINAL INFORMATION 

 
General 
 
Around the margin of the map, information is printed which is needed to use the map. This marginal 
information may differ slightly in detail and layout from one map to another. 
 

 
 
Title Information 

The title information is shown at the top of the map and consists of the following: 

Type of Map (top left). The Type of Map section shows the country of which the map represents a small 
portion, the scale of the map and type of map, (for example, AUSTRALIA 1:50 000 TOPOGRAPHIC SURVEY). 

Map Title (top centre and bottom right). The title maybe the name of an important town, or of an area of 
the map, (for example, IMBIL QUEENSLAND). 

Reference Box (top right and bottom left). The map series, sheet number and edition number are the 
unique reference to a map and are shown in the reference box. This information must be used when 
ordering maps (for example, SERIES R733, SHEET 9445-111, EDITION 1-AAS). 

Production Information 

The production information at the bottom left of the map shows when, by whom and under what authority 
the map was made. The method of production and an indication of the accuracy are also shown. 

Universal Grid Reference 

Located below the production information is a box which details the method of giving a universal grid 
reference. As any six-figure grid reference is repeated every 100 km, this method is used to make the 
reference unique. 

 

  



North Point Diagram 

Located to the right of the universal grid reference is a diagram showing the direction of true, grid and 
magnetic north for a particular year. The annual change in magnetic north is also given. This diagram may 
not be to scale, so it should not be used to try and gauge correct angles. 

Scale and Contour Information 

The scale is located at the bottom centre of the map and consists of both a representative fraction and a 
graphic scale. Below the scale is information on the type of map projection and on the contour interval. 

Legend 

Below the scale is the legend which contains the colours and symbols which make the detail on a map easy 
to read. These symbols are called conventional signs and are purely representative. Care should be taken 
when using them, as they are not always to scale (for example, buildings and the width of roads). Colours 
are normally used as follows: 

a. orange/brown, landforms (contours and sand); 
 

b. blue, water (rivers, lakes and swamps);  
 

c. green, vegetation (orchards and mangrove swamps);  
 

d. red/brown, roads and built-up areas;  
 

e. black, artificial features (railways and building); and  
 

f. purple, overprints (tactical or aeronautical information). 

Watercourse Guide 

To the right of the scale is the watercourse guide. This small map indicates whether a watercourse is 
perennial, intermittent or mainly dry.  

Mean Temperature/Rainfall  

The mean temperature/rainfall graphs are located below the watercourse guide. The information is from 
the Bureau of Meteorology and the values are extracted from the station closest in climatic conditions to 
the map area. If there is considerable climatic change on opposite sides of a coastal range, two sets of 
temperature/rainfall graphs are produced. 

Index to Adjoining Maps 

In the bottom right corner of the map is the index to adjoining maps. This shows the relationship between 
this map and the eight maps which surround it. 

 

MAP RELIABILITY 

No matter how accurately a map was made, it is only a plan of the ground at a certain date. If it is several 
years since the map was made or revised, much may have changed: towns grow, roads and railways are 
built, woods grow and are cut down. Only the main physical features should be regarded as absolutely 
reliable, and even these may change slowly (coastlines may erode and rivers can change their course). It is 
very important that the production notes be examined to note the date on which a map was produced or 
revised to judge its reliability. 

Large scale maps are sometimes made from enlargements of smaller scale maps, with more detail added. 
Consequently , these maps may be no more reliable than the original map. When a soldier is required to 
navigate, he may find that a more recently produced, smaller scale map is more useful than a map with 
more detail, but with dubious reliability. Whatever his decision, he should place his trust only in the natural 
land-forms and not the man-made features. 

  



LESSON 2: GRID REFERENCES 
 

MAP REFERENCE SYSTEMS 

Types of Map Reference Systems 

For the purpose of control and to enable the reporting of exact positions, various map reference systems 
have been devised. Many civilian maps use a system of combining letters or numbers which are marked on 
adjacent sides of the map. This system is useful, although the same combination of letters or numbers may 
define more than one position on several maps. Military operations require a map reference system where 
the co-ordinates are unique to each position on the ground. 

The following map reference systems are in use: 

a.  Geographic Co-ordinates. When using geographic co-ordinates, the quantities of latitude 
(parallels) and longitude (meridians) are used to define the position on the earth’s surface in 
terms of arc (degrees, minutes and seconds). On military maps, the geographic co-ordinates 
are shown in the margin.   
 

b. The World Geographic Reference System (GEOREF). GEOREF is an area designation method 
used for inter-service and inter-allied position reporting for air defence and strategic air 
operations. It provides a method of expressing position in a form suitable for reporting and 
plotting, and may be applied to any map or chart graduated in latitude and longitude. 
 

c. UTM Grid. The UTM grid has been adopted as a common military grid system. This grid 
provides a comprehensive and uniform grid coverage of all but the polar regions of the world. 
It avoids the awkwardness of several grids on different projections, a situation which was 
encountered in the Second World War. 
 

d. Universal Polar Stereographic (UPS) Grid. The rapid convergence of the meridians near the 
terrestrial poles makes the UTM grid impractical for polar area. For this reason, the Polar 
Stereographic projection is used for areas north of 84 degrees North and south of 80 degrees 
South. The UPS grid, together with the UTM grid, give world grid coverage 

The Grid Reference System 

The grid consists of two sets of equally spaced parallel lines intersecting at right angles to form squares. 
Maps are normally printed with north at the top of the sheet and with the superimposed grid lines running 
vertically and horizontally. The interval between grid lines is uniform throughout the map, and is selected in 
accordance with the map scale.  

GIVING GRID REFERENCES 

When giving grid references, the grid lines are referred to as follows: 

a. Eastings. The vertical grid lines, which divide the map from west to east, are known as 
EASTINGS. They are numbered from west to east.  
 

b. Northings. The horizontal grid lines, which divide the map from south to north, are known as 
NORTHINGS. They are numbered from south to north. 

When giving grid references, the easting (that is, the left to right reading of grid values) is always given 
before the northing (that is, the bottom to top reading of grid values). 

Four-figure Grid Reference 

Four-figure grid references indicate that position of one grid square only and are useful when identifying 
major features and localities. To indicate a particular grid square, the easting, which forms the left or 
western boundary of that square, is selected first. next, the northing, which forms the bottom or southern 
boundary of the square, is selected. The two figures for the easting and the two figures for the northing, 
combined in that order, give the four-figure grid reference required. 

  



A four-figure grid reference to square A in the map below is given according to the following sequence: 

a. Select the easting which forms the west boundary of square A. In this case it is easting 60. 
  

b. Select the northing which forms the west boundary of square A. In this case it is northing 90.  
 

c. Therefore, the four-figure grid reference to square A is GR 6090. 
 

 

 
Six-figure Grid Reference 
 
Six-figure grid references are used to indicate positions to within 100 m accuracy. To give a particular grid 
reference, imagine that each side of the square is divided into 10 equal parts and that the whole grid 
square is divided into 100 smaller squares. Estimate which small square the particular object is in. In the 
map below, the numbering of the lines forming the small squares indicate the number of tenths of a unit 
there are east of easting 71 or north of northing 13. The house A is in the small square 71.7 east and 13.7 
north, in other words easting 71.7 and northing 13.7. Deleting the decimal points, the six-figure grid 
reference to house A is 717137. Grid references are always prefixed with the letters GR to avoid confusion 
(for example, GR 717137). 
 

 
 



Eight-figure Grid Reference 
 
Eight-figure grid references can normally only be given on maps with a scale of 1:50 000 or larger. The 
method is similar to the six-figure method, except that each small square is again divided into 100 still 
smaller squares to give an accuracy to within 10 m. The result is that the eastings are then calculated to 
four figures and the northings to four, the combination being an eight-figure grid reference. For example, in 
Map 12, house A is at GR 71761371. 
 
Use of a Roamer 
 
A roamer is a simple device used for accurately measuring the position of a point within a grid square 
instead of estimating the tenths as described previously.  
 
To use a roamer, place the corner against the required point on the map with the edges parallel to the grid 
lines. The distance east and north within the grid square can then be read off against the west and south 
grid lines of the square. Clearly, a different roamer is required for each scale of map.  
 
Roamers of various scales are sometimes engraved on protractors. If a roamer is not available, one can be 
easily made from a piece of paper or cardboard, marking off the appropriate subdivisions of a grid square 
from the secondary divisions of the graphic scale on the appropriate map. 
 
The eight-figure grid reference roamer consists of a square which is divided into 100m sections. The third 
figure of the easting (7) is read like a normal roamer. Rather than estimate the forth figure, it can be 
measured by following the third figures slanting line downwards until it crosses the left-hand easting. At 
this point, the left-hand scale will give the fourth figure of the easting (6). To read the northing, the roamer 
must be rotated 90 degrees anti-clockwise and the same procedure repeated. 
 

  
 
Making your own roamer. Often you may be required to use a photocopied map that is not the same scale 
as your plastic roamer. In this instance you will need to make your own. Simply use the top right corner of a 
piece of paper or clear plastic, and using the scale of the map mark intervals every 100 metres as per the 
roamer shown in the above left image (NOTE: You will be required to do this in your terminal test for tis 
module). 
 

UNIVERSAL GRID REFERENCES 
 
UTM Grid Reference System 
 
Under the UTM grid reference system, the whole world between 84 degrees North and 80 degrees South is 
divided into standard zones, each 6 degrees wide (east-west) called columns, and 8 degrees deep (north-
south) called rows. The columns are numbered 1 to 60 consecutively, starting from the 180 degrees 
meridian and proceeding easterly. Starting from 80 degrees South and proceeding northward to 84 degrees 



North, the rows are identified alphabetically from C to X, the letters I and O being omitted. The grid zone is 
designated in the standard referencing manner, combining the column identification number first, with the 
row identification letter second, as 49J in the diagram below. 
 

 
 
Grid Zone Junctions 
 
In certain instances, a map sheet may contain more than one grid. This condition results from a junction 
between two grid zones within the UTM grid system. On large scale maps, the occurrence of a junction 
within the sheet is rare since the sheet lines are usually laid out to coincide with junctions. On medium and 
small scale sheets, junctions are more prevalent than on larger scale maps owing to the greater area 
covered. 
 

 
 
 



LESSON 3: MAP SCALE AND MEASURING DISTANCE 
 

SCALE GENERALLY 
 
As a map is a scaled plan, the relationship of horizontal distance between two points on the ground, and 
the distance between the same two points on a map, is constant, regardless of the direction or location of 
the distances measured. The determination of distance is an important factor in the planning and execution 
of a military mission. 
 
Effects of Change of Scale 
 
As discussed previously, a map’s reliability cannot be judged by the scale. Large scale maps show more 
detail. A vehicle convoy commander, however, could find themself unnecessarily cluttered with maps 
should he have to travel a considerable distance using large scale maps. When selecting a map, the two 
main considerations are the amount of detail required and the area covered. As a guide, choose the 
smallest available scale that provides sufficient detail. 
 
Graphic Scale 
 
The graphic scale shows how distances are represented on the map and assists in the measurement of 
distances. On topographic survey maps, the scale is in kilometres with secondary divisions in 100 m. On JOG 
and smaller scale maps, generally there are three graphic scales for statute miles, kilometres and nautical 
miles. Care should be taken to ensure that all measurements are taken from the zero mark which, on some 
maps, is in from the left of the scale. 
 

 
 

 
 

MEASURING DISTANCES ON A MAP 
 
There are many ways of measuring distances on a map, such as using dividers, a length of string or the scale 
on a protractor or ruler. This section explains the simple method of using the straight edge of a piece of 
paper. 
 
  



Measuring Straight Distance 
 
To measure the ground distance in a straight line between two points on a map, lay the straight edge of a 
piece of paper against the two points and, at each point, mark the paper with a tick. Then lay the paper 
along the graphic scale with the left-hand tick against the zero mark to determine the distance. In the 
example below, the distance from A to B is 3640 m. 
 

 
 
 
Measuring Curved Line Distance 
 
To measure the distance along a curved line such as a winding road, consider the road as a number of 
straight or nearly straight sections. As in Map 17, lay a piece of paper along the first section and mark it at A 
and at the end of the first straight section. Pivot the paper about the second mark until it lies along the 
second section. Mark the end of the second section and continue this method until B is reached. The total 
distance by road is then recorded as a straight line on the piece of paper and can be read off against the 
linear scale. The distance from A to B in Map 17 is 4900 m. Map 17. 
 

 
  



LESSON 4: RELIEF AND CONTOURS 
 

IMPORTANCE OF RELIEF 
 

Man-made features, such as towns, roads and railways, are incidents on the surface of the ground. Their 
details change quite rapidly while the shape of the ground, such as hills and valleys, changes slowly. The 
relief of the ground has determined the nature of life lived on it, the types of things men build on it, the 
positions of towns and the direction and forms of communications. Until relief can be read from a map, it is 
only possible to learn very elementary things about the country. 
 
The importance of relief is obvious in navigation and tactics. Relief affects the movement and deployment 
of units by limiting the routes along which they may travel, their speed of movement and the ease or 
difficulty of attacking or defending an area. Also affected are observation, fields of fire, cover, concealment 
and the selection of key terrain features. 
 

CONTOURS 
 
Description of Contours 
 
Contour lines are lines on a map connecting points of equal elevation. The vertical distance between 
adjacent contour lines is known as the contour interval and is given in the marginal information. Contour 
lines are printed orange/brown on maps. Every fifth contour line may be drawn with a heavier line to aid in 
measuring elevation. These are known as index contour lines. Contours are marked with their elevation at 
convenient places, with their value read correctly when facing up the slope. 
 
Contours not only give representation of height but also indicate the shape of the ground. This is best 
illustrated by Figure 9 which shows the perspective, section and plan of a hill. 
 
Contour Patterns 
 
Each topographical form, such as a spur or a knoll, produces its own particular contour pattern. The most 
important things to remember about contour patterns are as follows: 
 

a. Contours close together indicate steep slopes; 
  

b. Contours far apart indicate gentle slopes; 
 

c. When the spacing of contours, reading from high to low, decreases, the slope is convex; and 
 

d. When the spacing of contours, reading from high to low, increases, the slope is concave. 
 

 



  

  
 

NOTE: Unless you know the direction of the slope, each pattern might be its opposite. Thus, a spur and a 
re-entrant have the same pattern. When there are no contour heights marked close by, and there is no 
feature such as a river to show the direction of slope, always follow the contours to the same point where 
their height is marked so that you can tell which way the ground falls. 



Limitations of Contours 
 
The features that can be shown by contours are limited by the vertical interval. If the vertical interval is 
20m, features of less prominence than 20 m may not appear on the map. Such features may be of tactical 
importance, particularly in relatively flat ground. By practice on the ground, a student can learn just how 
much he can expect the contours on a map to show. It must be remembered that a map can never 
completely substitute for a reconnaissance. 
 

OTHER METHODS OF SHOWING RELIEF 
Hachures 
 
Hachuring is a method of showing hill features by shading in short lines drawn in the direction of the slope. 
These lines show rising ground by shading up the line of slope, the shading becoming heavier as the ground 
rises. Hachuring gives a good impression of the shape of the ground as hills and valleys stand out clearly.  
 
Hill Shading 
 
Hill shading shows by colouring what hachures show in line. The shading is applied so that depth of tint 
indicates the steepness of the slope, the general tint becoming deeper as the ground rises. Hill shading 
obscured detail less than hachures, but otherwise has the same disadvantages. A second method of hill 
shading depicts the shadows that would be cast by high ground if light was shining from a certain direction. 
This method can also be used in conjunction with contour lines.  
 

 
 
Spot Elevations 
 
Spot elevations are points on the map with the height of the particular feature shown alongside. This gives 
accurate information when used in conjunction with contours. Other types of spot elevations are horizontal 
control points, trig points and bench marks. 
 
Layer Tints 
 
Layer tints are used in conjunction with contours. The space between the contours is coloured with tints 
that vary according to heights above sea level, the colours becoming deeper as the height increases. Each 
tint may cover the vertical interval of several contours. This makes the high ground obvious at a glance. 
 
Form Lines 
 
Form lines are approximate contours that have not been accurately surveyed in. They show the shape of 
the grounds in a similar manner, but cannot be relied upon for accurate information about heights, slopes 
and visibility. 



LESSON 5: SECTIONS AND GRADIENTS 
 

SECTIONS 
 

The study of land-forms from an examination of the contour lines is adequate for many purposes but, when 
precision is demanded, a section is usually required. A section is an exaggerated side view of a portion of 
the earth’s surface along a line between two points. 
 
A section can be constructed from any map with contours. The construction of a section requires the 
following steps: 
 

a. Draw a line (section line) on the map between the two points between which a section is 
desired. 
  

b. Find the value of the highest and lowest contour lines that cross or touch this section line. Add 
one contour value above the highest and one below the lowest to take care of hills and valleys.  

 
c. On a blank sheet of paper, draw enough equally spaced horizontal lines so that there will be 

one line representing each contour value, as determined in sub-paragraph b.  
 

d. Place the lined paper on the map with the lines adjacent and parallel to the section line.  
 

e. Number the line on the lined paper, with the highest value determined in sub-paragraph b 
closest to the section line.  

 
f. Number the rest of the lines in sequence down to the lowest value on the line farthest from 

the section line. 
 

g. From every point on the section line where a contour line crosses or touches, drop a 
perpendicular to the line having the same value as the contour. Place a tick mark where the 
perpendicular line crosses the line. 

 
h. The highest point of hills and the lowest point of valleys will have to be determined by 

estimation and then a perpendicular line crosses the line.  
 

i. After all perpendiculars have been dropped to the line paper, connect all tick marks with a 
smooth, natural curve. Remember that hills and valleys are usually rounded. Streams, 
however, tend to form a sharp V-shape or a U-shape.  

 
j. The section just drawn may be exaggerated. The spacing between the lines drawn in sub-

paragraph c will determine the amount of exaggeration and may be varied to suit any purpose. 
 
When time is short, or when a complete section is unnecessary, a section may be constructed showing only 
the hill and ridge tops and, if desired, the valleys. This is called a hasty section. 



 
Drawing a Section 

 
  



GRADIENTS 
 

The slope of the ground may be expressed as the angle the ground makes with the horizontal, but more 
commonly as a gradient, for example, 1 in 10 or 1 in 20, which may be written as 1:10 or 1:20. A gradient of 
1 in 10 means that in a distance of 10 units horizontally, the ground rises or falls 1 unit. 

 
 
  



LESSON 6: MAP TO GROUND EXERCISE (PRACTICAL) 
 
ACTIVITY ONE: IDENTIFY OBJECTS FROM THE MAP ON THE GROUND 
 

 Using a map of the local area find your current location on that map.  
 

 Then identify other objects marked on your map, physically on the ground. 
 
ACTIVITY TWO: ORIENTATE THE MAP TO THE GROUND USING OBJECTS ON THE GROUND  
 

 Using objects that you can see both on the map and on the ground, orientate the map so that the 
North on the map matches the North on the ground. 

 
ACTIVITY THREE: RELATING DISTANCES ON A MAP TO DISTANCES ON THE GROUND 
 

 Using objects you can see both on the map and on the ground, measure the distance between them 
on the map and compare it to the real distance on the ground (If they do not closely match you may 
have misidentified one of the objects, or if man-made the object could have been moved or 
destroyed). 

 Using a known distance of 100m (previously measured out by the instructor), measure how many 
paces you take over 100m on average over three attempts. 

 
ACTIVITY FOUR: DETERMINE GRID REFERENCES OF OBJECTS ON THE GROUND  
 

 Using objects you can see on the ground, find them on the map and determine their Grid Reference 
in four, six and eight figures. 

 
ACTIVITY FIVE: IDENTIFY TYPES OF SLOPE  
 

 Circle with pencil an area on your map that shows a steep slope and draw an arrow through it in the 
downhill direction. 

 Circle with pencil an area on your map that shows a gentle slope and draw an arrow through it in the 
downhill direction. 

 Circle with pencil an area on your map that shows a concave slope and draw an arrow through it in 
the downhill direction. 

 Circle with pencil an area on your map that shows a convex slope and draw an arrow through it in 
the downhill direction. 

 On the ground, identify as many areas as possible that have steep, gentle, concave and convex 
slopes. 

 
ACTIVITY SIX: CREATE A CROSS SECTION  
 

 Identify a line between two points on your map at least 1000m apart and create a cross-section chart 
to determine the nature of slope on the route between the two points. 

 
  



LESSON 7: DIRECTION AND THE SERVICE PROTRACTOR 
 

DESCRIBING DIRECTION 
 
An observer sees his horizon as a circle with himself at the centre. He normally describes the direction of 
any object by saying that is north, east, south, west, NE, NNE, et cetera. When map reading, a more 
accurate method is required in describing direction. Two commonly used methods are: 
 

a. the degree system, and 
  

b. the mil system. 
 
The Degree System 
 
In the degree system, the circle is divided into 360 degrees; 0 (or 360) being the north point. The four 
quadrants of the circle are each 90 degrees and, therefore, the east, south and west points are at 90, 180 
and 270 degrees respectively.  
 
Each degree is subdivided into 60 minutes, and each minute into 60 seconds. They are marked as follows: 
degrees o; minutes '; and seconds ''. Eg. 360020’12’ 
 
When map reading, the subdivisions of a degree are too small for practical use and measurements to one 
half of a degree are generally sufficient. The degree system is commonly used outside of the Army. 
 
The Mil System 
 
In the mil system, the circle is divided into 6400 mils; 0 (or 6400) being the north point. East, south and 
west are at 1600, 3200, 4800 mils respectively. Accuracy to the nearest 10 mils is normally sufficient in map 
reading.  
 
The Australian Army uses the mil system. It is convenient for many practical uses as 1 mil subtends 
approximately one unit of length at a range of one thousand units. For example, 1 mil subtends 1 m at 1000 
m. The mil system will be used in explanation for the remainder of this pamphlet. Figure 18 shows how 
direction is described. 
 

 
 



NORTH POINTS 
 
The purpose of a bearing is to give an accurate indication of the direction of one point from another. A 
bearing is the angle, measured clockwise, that a point makes from a fixed zero. In actual practice, the zero 
point may be one of three north points: 
 

a. True North (TN);  
  

b. Grid North (GN); and 
 

c. Magnetic North (MN). 
 
TN. TN is the direction of the geographic North Pole from an observer anywhere on the earth’s surface. A 
line which passes through any point and the North and South Poles is called a meridian. These lines 
converge towards each other at the poles and, consequently, are not parallel. In map reading, there is 
rarely a practical need for knowing the direction of TN. As the direction of GN is more easily found and is 
very close to TN, it is used in preference. 
 
GN. GN is the direction in which the north-south grid lines point towards the top of the map. Under the 
UTM grid reference system, the central grid line of each grid column coincides with a particular meridian. 
Within each grid column, this one grid line points to TN, but all other grid lines, being parallel, point to an 
imaginary point either to the east or west of the True North Pole. 
 
The variation between GN and TN is called grid convergence. The size of this angle depends on how far the 
particular map sheet is from the selected meridian. Its value is shown in the north point diagram. 
 
MN, Magnetic Variation and Grid-magnetic Angle. MN is the direction in which a compass needle points 
when affected by the earth’s magnetic field. As the magnetic pole is not the True North Pole, there is 
always a variation between TN and MN. The angle made at the observer between TN and MN is called the 
magnetic variation. As GN is used in map reading more often than TN, it is more useful to know the size of 
the angle between GN and MN. This is called the grid-magnetic angle and its size is shown in the north 
point diagram. As GN is used in map reading more often than TN, it is more useful to know the size of the 
angle betweenGNand MN. This is called the grid-magnetic angle and its size is shown in the north pole 
diagram. 
 
Annual Change in MN. The position of the magnetic pole is not fixed. The annual change is not constant, 
although it can be forecast with sufficient accuracy over a number of years. If the annual change is in the 
same direction as the grid-magnetic angle, it must be added. If they are in opposite directions, the annual 
change must be subtracted. The annual change is shown below the north point diagram, in the marginal 
information. Figure 19 has two examples of a north point diagram.  
 

 



 
Converting Bearings 
 
Compass bearings (magnetic bearings) taken on the ground must be converted to grid bearings for plotting 
on a map. Conversely, grid bearings taken from a map will have to be converted to magnetic bearings 
before they can be used with a compass on the ground. 
 
To convert a bearing from grid to magnetic or magnetic to grid is a simple matter of adding or subtracting 
the grid-magnetic angle. Unfortunately, it is easy to add when you should subtract, or subtract when you 
should add. As can be seen in the two examples in the above diagram, the north point diagram indicates 
the correct method for converting bearings. Particular note should be taken to observe that the procedure 
varies depending on whether MN is to the east or west of GN. For this reason, the north point diagram or a 
roughly drawn diagram should always be used to avoid errors, although a guide is also given below the 
north point diagram.  
 

Magnetic to Grid 

 

Grid to Magnetic 
 
Example 1. Magnetic to Grid 
- A magnetic bearing of 780 mils has to be converted to a grid bearing.  
- The year is 1984. 
- Using the north point diagram above in Figure (a), the grid-magnetic angle is 170 mils east in 1975, and 

the annual change is easterly 2 mils in three years.  
- Therefore, the grid-magnetic angle is 176 mils east in 1984. (Note that map reading angles are normally 

rounded off to the nearest 10 mils. Therefore, for all practical purposes the grid-magnetic angle 
becomes 180 mils east.)  

- From the Magnetic to Grid diagram above, it is clear that the angle GOA, the grid bearing = GOM + 
MOA = 180 + 780 = 960 mils 

 
Example 2. Grid to Magnetic 
- A grid bearing of 1570 mils has to be converted to a magnetic bearing.  
- The grid-magnetic angle is 180 mils east. From the Grid to Magnetic diagram above, it is clear that the 

angle MOA, the magnetic bearing = GOA – GOM = 1570 - 180 = 1390 mils. 
 
  



Magnetic to Grid and Grid to Magnetic diagrams above demonstrate how to convert bearings when the 
grid-magnetic angle is to the east, that is, when the magnetic north is to the east of grid north. A simple 
way to remember these conversions is as follows: 
 

a. Magnetic to Grid add (MGA - my great aunt). 
 

b. Grid to Magnetic subtract (GMS - grand ma sleeps). 
 
When the grid-magnetic angle is to the west, magnetic north is to the west of grid north. In this case the 
opposite conversions are true, as follows:  
 

a. Magnetic to Grid subtract (MGS). 
  

b. Grid to Magnetic add (GMA). 
 

THE SERVICE PROTRACTOR 
 
To measure a bearing accurately on a map, a protractor must be used. There are many different types of 
protractors available and, although they differ in design and shape, they are used in much the same way. 
They all consist of a scale around the outer edge which radiates from an index mark located at the centre of 
the protractor circle. The scale divides a circle into units of angular measure. 
 
The Service Protractor 

 
The present service protractor is the Protractor, Semi-
circular, RAA, Mils, F6 (see left). The scale is graduated in 
10 mil intervals, 0 to 3200 mils outside and 3200 to 6400 
(0) mils inside. The protractor includes metric scales for 
measuring distance on 1:50 000 scale maps. These are on 
the base and also radiate in concentric semicircles from 
the index mark. A black thread radiates from the index 
mark to aid in the reading of bearings. 
 
To aid in reading grid references, the protractor includes 
roamers for maps of the following scales: 
 

a. 1:250 000 m, 
  

b. 1:63 360 yards,  
 

c. 1:100 000 m,  
 

d. 1:50 000 m, and  
 

e. an 8-fig grid reference roamer. 
 
 

  



Measuring Bearings 
 

 
 
To measure the grid bearing from the road junction at “O” to the road junction at “A” on the map above, 
proceed as follows:  
 

a. Using a straight edge and a fine pencil, join O and A. If the distance between the two points is 
less than 8 cm, the line should be extended so that it overlaps the scale when the protractor is 
positioned on the map.  
  

b. Place the protractor on the map and position it so that the index map is directly over the road 
junction at O, and the north line is pointing to grid north, that is, parallel to the eastings. If the 
north line does not overlap an easting, it will be pointing to grid north if an easting intersects 
the 10 mil scale at the top of the protractor the same number of divisions from the north line 
as at the bottom of the protractor (as arrowed). 

 
c. The grid bearing can now be read from the outside set of figures on the 10 mil scale, where the 

pencil line meets it. The grid bearing in the example above is 910 mils. 
 
When bearings of between 3200 mils and 6400 mils are to be measured, the protractor is rotated around 
3200 mils. The same principles apply, except that the inside set of figures is used on the 10 mil scale. When 
time prevents the drawing of a fine pencil line on a map, a bearing can be measured using the black thread 
attached to the index mark. This method is not as accurate, although it has the advantage of not marking 
the map. 
 
  



Plotting Bearings 
 
To plot a grid bearing on a map, proceed as follows: 
 

a. Place the protractor on the map and position the index mark directly over the point on the 
map from which the bearing is to be plotted, so that the north line is pointing to grid north 
(such as point 0 in the previous example).  
  

b. Read off the bearing required on the 10 mil scale and mark the map with a pencil. 
 

c. Draw a thin line through point 0 and the pencil mark. This line is the required grid bearing. 
 
Back Bearings 
 
A bearing gives the direction of a line from the point of 
observation to an object. A back bearing gives the direction 
from the object back to the point of observation. It is clear 
from the diagram below that the difference between the 
bearing and the back bearing is 3200 mils. Therefore, given 
the bearing, add 3200 mils to find the back bearing, or if the 
bearing is more than 3200 mils, subtract 3200 mils. 
 

 
FINDING DIRECTION FROM THE SUN 

 
To determine direction accurately from the sun, a sun (astro) 
compass or shadow stick should be used. Direction can also be 
determined approximately by the watch method. 
 
Watch Method. If the watch is set on daylight saving time, convert it to standard time. When south of the 
Tropic of Capricorn (Rockhampton), hold the watch so that the 12 of the clock points to the sun. This can be 
checked by ensuring that the shadow of a vertical stick falls along the 12 axis. The direction of NORTH is 
then found by bisecting the angle between 12 of the clock and the hour-hand (see below).  The watch 
method can be used between the Tropics of Cancer and Capricorn, provided the sun’s seasonal movements 
are known. If the sun is vertically overhead at midday, the method will not be very accurate and then the 
sun should only be used in its early and late phases for the general direction of east or west. 
 

 
 

 
  



Shadow Stick. The shadow stick method is very accurate and, for something like 5000 years, it was the 
basis of all surveying. Its major drawback is that a person must remain in the one location for several hours 
over midday. Before noon, a level space is cleared which is exposed to sunlight. On this space a straight 
stick is erected and set vertically with an improvised plumb bob. A circle is then described about the stick 
with the radius equal to its shadow, by using a sharp twig on the end of a string as a compass. As the 
shadow moves, its end is marked at intervals. These marks will form an ellipse, except during the 
equinoxes, when they form a straight line. The ellipse formed from the shadow’s end will cut the circle at a 
second point after midday. A line drawn between the start and a second point is a true east-west 
line(Figure 48). Great accuracy can be obtained by commencing the shadow stick at about 1000 hours. 
 
 

 
 
 
 
  



LESSON 8: THE COMPASS 
 

THE PRISMATIC COMPASS 
 
General 
 
The compass (Figure 24) is an instrument used for measuring magnetic bearings. Although there are 
different types, they all consist of a magnetised needle accurately balanced on a pivot point set in the 
centre of a non-ferrous or plastic box. One point of the compass aligns with the direction of MN. 
 
Description 
 
When closed, the prismatic compass is a black lacquered, 
circular, brass box and consists of the following: 
 

a. Lid, 
b. Body, 
c. Prism, and 
d. Thumb Ring. 

 
Lid. In the lid is a circular glass window protected by two 
metal bars and engraved with a hair-line. When the lid is 
opened, it will be seen that the hair-line extends to a 
luminous line reaching to the end of the tongue where 
there is a notch. At each end of the hair-line, there are 
two small holes to allow a thread to be fitted as a 
substitute, should the glass be broken. 
 
Body. The body of the compass consists of the following: 
 

a. Upper Glass Cover. The upper glass cover is marked with figures which show up against a 
metal ring. These figures are marked every 100 mils and numbered clockwise every 200 mils to 
6400 mils. The upper glass cover can be turned to any desired position. It can be clamped in 
position by using a locking screw on the outside of the body just to the right of the hinge.  
  

b. Lower Glass Cover. The lower glass cover is positioned below the metal ring and retains the oil 
in the body. On the metal ring, by the hinge, is a black line on a luminous patch. It is extended 
by a hair-line on the lower glass cover, reaching to the inner circle on the compass card. This is 
called the lubber line and it is aligned with the hair-line on the lid. 

 
c. Compass Card. Below the glass covers can be seen the compass card which is mounted upon 

the magnetised needle. The north point on the card is marked by a luminous white triangle, 
and east, south and west, by engraved letters. The compass card is made of mother-of-pearl 
and swings on a steel pivot. The body is filled with oil to damp the movement of the card so 
that it swings gently and comes to rest quickly. The card is engraved with an inner and outer 
set of figures. The inner circle reads clockwise from the north point and is numbered every 400 
mils to 6400 mils. The outer circle reads clockwise from the south point in subdivisions of 20 
mils. 

 
Prism. Opposite the hinge, and covered by the tongue when the lid is closed, is a small triangular metal 
block hinged to the side of the body. This contains the magnifying prism. When the compass is open, it can 
be swung over the glass into the reading position. This reveals the eyehole and the sighting slit above it. 
When looking through the eyehole, the figures on the outer circle of the compass card are magnified. The 
prism can be raised or lowered slightly to improve the focus. On the inside bottom of the body directly 
below the prism, is a luminous patch against which the compass card markings can be read at night. 
 



Thumb Ring. Attached to the prism mounting is a brass ring which is used for holding the compass. A 
compass should Always have a lanyard attached to the thumb ring so that it may be secured to the user or 
his equipment. 
 
Use of the Prismatic Compass 
 
The methods of using the prismatic 
compass are detailed as follows: 
 

a. Taking a Bearing. Hold the 
compass in both hands, with a 
thumb through the ring (see 
right). The compass must be 
held level and steady, so that 
the compass card swings 
freely. The lid must be vertical 
and the prism turned into the 
reading position. Look 
through the sighting slit and 
line up the hair-line in the lid 
with the object on which the 
bearing is to be taken. By 
looking through the eyehole 
when the card comes to rest, 
read off the bearing against 
the hair-line. Note that the 
figures increase from right to 
left. Accuracy to within 10 
mils is not difficult. 
  

b. Finding the Direction of a Given Bearing. Look through the eyehole and turn the compass until 
the hair-line cuts the required bearing. Note some distant object which is in line with the hair-
line. This object will be on the required bearing.  

 
c. Using the Compass Without the Prism. Either of the operations outlined in sub-paragraphs a 

and b can be carried out without using the prism, but with much less accuracy. To take a 
bearing, open the compass out flat and line it up so that the tongue is directly in line with the 
object. The bearing is read from the inner circle of the compass card against the lubber line. To 
find the direction of a bearing, turn the compass until the inner circle below the lubber line 
reads the given bearing. The tongue is then pointing in the required direction. 

 
THE SILVA COMPASS 

 
Description 
 
There are many different types of Silva compasses available. However, the basic construction for all types 
remains the same. The compass enables the user to plot and calculate bearings rapidly and accurately on a 
map without the use of a protractor. This is done by combining, on a common base plate, both a compass 
and a protractor. 
 



 
 
Compass Housing. The Type 4 Silva compass consists of a magnetized needle in a liquid-filled acrylic 
housing. The north end of the compass is painted red and has a luminous strip. The dial of the housing is 
graduated in 50 mil intervals and this freely rotates in the base plate. The base of the housing has six 
parallel orienting lines and an orienting arrow for alignment with the compass needle. On either side of the 
arrow are luminous points for use when night marching. 
 
Base Plate. On the base plate is a small magnifying lens. Down the centre of the base plate and either side 
of this lens is the lubber line. The lubber line is the point against which the graduated dial is measured. It 
also has a directional arrow and a luminous mark. The left edge of the base plate has a scale in millimetres 
while the opposite edge is marked in inches. To aid in reading grid references, the base plate includes 
roamers for maps of 1:63 360 m, 1:50,000 m, and 1:25 000 m scales: 
 
Use of the Silva Compass 
 
Taking a Grid Bearing with a Silva 
Compass. The procedure for calculating a 
grid bearing from a map as follows: 
 

a. Step 1. Place the long edge of 
the base plate (or an aid line) 
along the desired bearing, 
making sure that the direction 
arrow points in the direction 
that it is wished to travel (that 
is along line AB in Map 20).  

  
b. Step 2. Turn the compass 

housing so that the meridian 
lines are parallel with the 
eastings on the map.  

 
c. Step 3. Read the grid bearing on the graduated dial against the lubber line.  
 
d. Note that before marching, the grid bearing must be converted to a magnetic bearing and the 

dial adjusted appropriately. 
 
Taking a Magnetic Bearing. The procedure for taking a magnetic bearing to an object is detailed below: 
 

a. Hold the compass in the position shown below, with the direction arrow pointing to the object.  
  



b. Rotate the compass housing until the orienting arrow is directly beneath the north (red) end of 
the compass needle.  

 
c. Read the magnetic bearing on the graduated dial against the lubber line. 

 

 
 
Setting the Compass on a Magnetic Bearing. The procedure for setting a compass on a magnetic bearing 
for marching by day or night is as follows:  
  

a. Set the magnetic bearing on the compass by rotating the compass housing until the required 
bearing on the graduated dial is in line with the lubber line.  
  

b. Hold the compass flat in the hand and turn around until the north end of the compass needle 
is directly above the orienting arrow.  

 
c. The direction arrow now points along the required magnetic bearing. 

 
COMPASS ERRORS 

 
Individual Compass Error 
 
Each compass has its individual variation, that is, it does not point exactly to magnetic north. The compass 
needle itself may not be quite true with the markings on the card and slight divergences may be caused in 
other ways. The error may be negligible or comparatively large and it is, therefore, important to have 
compasses checked regularly. Any known error should be noted on the compass and, when readings are 
taken, allowance must be made for the individual variation.  
 
To test the individual variation of a compass, the magnetic bearing between two points should be found. To 
obtain accuracy, the bearing should be measured from a map not smaller than 1:50,000 and the two points 
should be at least 1 km apart. Once the map (grid) bearing has been converted to a magnetic bearing, it can 
be compared with the compass bearing. This variation east or west should be checked by carrying out the 
same procedure once or twice again for points in different directions. If one measurement is different, 
there is probably local magnetic attraction, so further checks should be conducted. 
 
When a compass has been identified as having an individual variation the following occurs: 
 

a. If a sample bearing is known to be magnetic north and the compass shows a bearing of 100 
mils (that is, to the east), when aligned between the same points as the sample bearing, then 



the compass card is pointing to the west. This can be compensated for by using the compass 
error as an additional magnetic angle to the east for that particular compass and it must be 
added to each bearing taken with that compass. 
  

b. If the sample bearing is 3500 mils (that is, to the west) then the compass card is pointing to the 
east. This can be compensated for by using the compass error as an additional magnetic angle 
to the west for that particular compass and it must be subtracted from each bearing taken 
with that compass. 

 
Local Magnetic Attraction 
 
Local magnetic attraction is due to the presence of iron or iron ore nearby. The compass is a delicate 
instrument and quite small quantities of iron have a surprisingly large effect on its behaviour. A wrist-
watch, steel-framed spectacles or steel helmet will affect the compass reading. Precautions should be 
taken to see that all iron or steel objects are at a safe distance before using the compass. Small articles will 
be safe in a trouser pocket but larger articles should be placed 2 or 3 m away. Listed below are the safe 
distances from various common objects.  
 

Transmission high tension lines . . . . . . 80m 
Tank. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75m 
Field gun . . . . . . . . . . . . . . . . . . . . . . . . . 60m 
Fencing wire . . . . . . . . . . . . . . . . . . . . . . 10m 
Steel helmet . . . . . . . . . . . . . . . . . . . . . . 3 m 

 
To check for local magnetic attraction, select two points about 100 m apart. From one take a bearing to the 
other. Then move to the other and take a bearing back to the first. The two bearings should differ by 3200 
mils (back bearings). If they do not, there is magnetic disturbance at one point or the other, or at both. 
 
MAP SETTING AND POSITION FINDING 
 
MAP SETTING 
 
A map is said to be set, or oriented, when the features on the map are in the same relative position as the 
features on the ground. This requirement is met when grid north on the map is pointing to grid north. As a 
consequence, a map may be set by either inspection or compass. 
 
The purpose of setting a map is to make the reading of it easier. Sometimes, the lettering is not the right 
way up, but since place-names are usually irrelevant to the navigation task at hand, that usually does not 
affect the use of the map. 
 
Setting a Map by Inspection 
 
Usually, when map reading, your 
position is known, so the quickest 
and simplest way of setting a map 
is by inspection of the map and 
the ground (see right). If there is a 
linear feature such as a straight 
road, turn the map until the road 
on the map is aligned with or 
parallel to the road on the ground. 
 
If there is no convenient road or 
railway, the map can be set by 
lining up on distant objects, 
provided your position is known. 



Lay a ruler, or any straight edge, on the map so that it passes through your position and through that of one 
of the objects. Sight along the ruler to the object on the ground to set the map. 
 
In both the methods outlined in paragraphs 703 and 704, a check should be conducted against other 
features. If none can be recognised, at least the slope of the land can be checked. 
 
Setting a Map by Compass 
 
If you are not aware of your exact 
position and it is difficult to identify 
sufficient detail on the map and on 
the ground, a map may be set very 
accurately by use of a compass (see 
right). The compass should be placed 
so that its axis lies along any easting. 
The map and compass are then 
turned until the north point of the 
compass is east or west of the 
lubber line by the amount of the 
grid-magnetic angle. 
 
The map should not be set by 
placing the axis of the compass on 
MN in the north point diagram, as 
this diagram may only be 
representational and not accurately 
drawn. 
 

 
 
 
  



LESSON 9: POSITION FINDING AND RESECTION 
 
Finding your Position from Local Objects 
 
Once the map has been set, if the area is well developed and fully mapped, it is relatively easy to locate 
your position by comparison of the map detail with the features on the ground. Your position should be 
fixed roughly in relation to the major features around, such as hills and towns. If the map was set by use of 
a road, an approximate position can be obtained as its direction is already known and the distance can be 
estimated. Your exact position is found by use of minor features, such as creeks, tracks, fences and houses. 
Remember that the shape of the ground is most helpful when locating your position, and it is far more 
reliable than artificial features. 
 
Resection 
 
A resection is a means of locating your position on a map if you are unable to do so by comparison of detail 
on the map with the features on the ground. The method of carrying out a resection is as follows: 
 

a. Select three prominent, widely spaced features that can be recognized on the map and on the 
ground. Two features can be used to obtain an approximate position. 
 

b. On the ground, take magnetic bearings to these features with a compass. 
 

c. Convert these magnetic bearings to grid bearings.  
 

d. Convert the grid bearings to back bearings.  
 

e. Using a protractor, plot on the map the back bearings from the identified features. 
 

f. These lines will either intersect to locate your position or form a small triangle of error. 
 
Triangle of Error. If a triangle of error is formed, your true position can be determined by the following 
rules: 
 

a. If the triangle of error is inside the triangle formed by the three features (ABC), your true 
position will be inside the triangle of error. If the triangle of error is outside the triangle AB C, 
then your true position will be outside the triangle of error (see Figures 1 & 2).  
  

b. If the triangle of error is outside the triangle formed by the three features, ABC, then your true 
position will be either to the left or right when facing the fixed points of all the lines drawn on 
the map from the respective features through the triangle of error. For example, in Figure 2, of 
the six sectors formed by the lines drawn from the three known features, there are only two 
sectors (sectors III and VI) which are either to the left or right of all the lines.  

 
c. Regardless of whether your true position is inside or outside the triangle of error, the distance 

from that position to the lines will be directly proportional to the length of the lines (that is, 
your position will be nearest to the shortest line and furthest from the longest line). Depending 
on the size of the triangle of error the Figure 1, your position within the triangle can be worked 
out exactly by this method. In Figure 2, the only sector in which these conditions are fulfilled is 
in sector VI. By approximations, your true position is at P and can be confirmed by relating the 
map to the ground. 



 
 

Figure 1. Resection by Triangle of Error 
 
 

 
 

Figure 2. Calculating Position from Triangle of Error   



LESSON 10: COMPASS & RESECTION EXERCISE (PRACTICAL) 
 
[NOTES FOR INSTRUCTOR: PRE-POSITION CLASS IN A LOCATION SUITABLE FOR OBSERVING ON THE 
GROUND MULTIPLE OBJECTS MARKED ON THE MAP. ALSO IDENTIFY A SECOND LOCATION WITHIN A QUICK 
WALKING DISTANCE T O THEN CONDUCT A RESECTION. ENSURE THE SQUAD HAS SUFFICIENT MAPS, 
COMPASSES AND PROTRACTORS TO ALL ATTEMPT THESE ACTIVITIES WITHIN THE ALLOCATED TIME] 
 
ACTIVITY ONE: DEMONSTRATE THE EFFECTS OF METAL OBJECTS ON A COMPASS  
 

 Practice holding the compass close to metal objects and observe the affect on the compass needle. 

 Under strict instructor supervision practice holding the compass near electrical devices and speakers 
(without actually touching them) and observe the affect on the compass needle. 

 
ACTIVITY TWO: ORIENTATE THE MAP TO THE GROUND USING A COMPASS  
 

 Using a compass orient the map to the ground. 
 
ACTIVITY THREE: TAKE MAGNETIC BEARINGS AND CONVERT TO GRID 
 

 Identify three features you can see on the ground that are also marked on the map. 

 Record a magnetic bearing to each using a compass. 

 Calculate the magnetic variation for the area. 

 Convert all bearings to GRID. 
 
ACTIVITY FOUR: CONVERT GRID BEARINGS TO MAGNETIC  
 

 Looking at the map, identify three objects that you should be able to see from your position 
according to the map. 

 Using your protractor record GRID bearings to those objects from the map. 

 Convert those bearings to MAGNETIC bearings. 

 Using your compass to orientate yourself observe in the direction of each magnetic bearing and 
attempt to identify the objects marked on the map.  

 
[NOTE FOR INSTRUCTOR: MOVE NOW TO THE RESECTION LOCATION] 

 
ACTIVITY FIVE: CONDUCT A RESECTION  
 

 Having moved to a new position now conduct a full resection to determine your location. 
 
ACTIVITY SIX: MARCH ON BEARINGS  
 

 In an open area, practice marching on bearings and number of paces given to you by the instructor. 
 
 
  



LESSON 11: INTER-VISIBILITY 
 

INTER-VISIBILITY 
 
Introduction 
 
It frequently becomes necessary to determine from the map whether two points are visible, one from the 
other. This situation will occur when: 
 

a. planning the establishment of radio communications (particularly very high frequency (VHF) 
from one point to another);  
  

b. determining the best area for an observation post which is to cover specific areas, without 
being exposed; and  

 
c. planning a patrol route which cannot be seen from enemy positions. 

 
In simple cases, an inspection of the map may show clearly whether or not intervening higher ground exists 
between the points under consideration. Obvious obstructions, other than intervening ground, may be 
trees or buildings and these must be taken into account. Where inter-visibility is not obvious by inspection, 
it can be determined by a section, proportional sum, or gradients. 
 
Inter-visibility by Section 
 
As shown below, a section can show whether inter-visibility is possible. In this case, the line of sight of an 
observer from A to B passes just above C. Although in theory there is inter-visibility, in practice the smallest 
amount of vegetation could prevent visibility. Additional height can be added to the intermediate crests to 
allow for the blocking effect of vegetation, but the height of the OP and the target should remain at the 
ground level.  
 

 
 
  



LESSON 12: NAVIGATION PLANNING 
 

NAVIGATION AIDS 
 
Navigation is the process which enables movement between two points and, at the same time, allows the 
navigator to know exactly where he is at any given time. A junior commander must be a skilled navigator if 
they are to execute their orders and use the ground to their advantage. In peace-time, a navigating error 
can be humiliating; in war, it can be fatal. Navigation requires careful planning, a high degree of ability in 
map reading and skill in the use of aids.  
 
It is the failure to use aids, such as the compass, protractor and paces, with the map, which causes most 
navigation difficulties. A soldier without aids who relies purely on his map reading ability will soon become 
lost in featureless terrain or thick vegetation. Even if a map has an error, a navigator can still determine 
their position by the combined use of the compass, protractor and paces. Experience teaches most 
navigators to use all available aids and to double-check whenever possible. 
 
Navigational aids can generally be divided into those for position finding, direction finding and measuring 
distance. Some of these aids are listed as follows: 
 

Position Finding Direction Finding Measuring Distance 

(1) Maps. 
(2) Air/Satellite photos. 
(3) Field sketches. 
(4) Artillery marking rounds. 
(5) Position line fix with sextant. 
(6) Astrofix with theodolite. 
(7) Satellite navigation receivers. 

(1) Magnetic compass. 
(2) Astro compass (sun 
compass). 
(3) Gyroscope. 
(4) Sun and watch. 
(5) Stars. 
(6) Tracer fired on fixed lines. 

(1) Pacing. 
(2) Tape of known length. 
(3) Time. 
(4) Vehicle odometer. 
(5) Range-finders. 

 
AIR PHOTOS 

 
Air photos have many uses. In this section however, they are only considered as an aid to navigation. Air 
photos are a means of bringing a map up to date. When maps are not available or are known to be 
inaccurate, an air photo can be used instead. However, in normal circumstances they should not be used as 
a substitute. The combined use of map and air photo gives the best and most up-to-date topographical 
information. 
 

 
 
 
 
  



PLANNING CONSIDERATIONS 
 
It is essential that, before setting off on a course, detailed planning is carried out. This will save unnecessary 
hardship over ‘bad going’ and greatly reduces the chances of error. The map and air photos, if available, 
should be studied in detail, making note of the main features, the direction of river flow and changes in 
vegetation. The map should be studied in detail, making note of the main features, the direction of river 
flow and changes in vegetation. The map should be updated from the air photos, if necessary. 
 
In most instances, the route taken is determined by the task and the tactical situation. The following factors 
will have an influence upon the final decision: 
 

a. The Grain of the Country. It is physically easier to follow the grain of the country than to go 
against it. Although cross-graining may be slower, it often provides more navigation checks, 
such as spurs and streams.  
  

b. Ridges. The vegetation along ridges is generally less dense than in valleys. The ridge serves as a 
direction guide and makes observation of landmarks easier. In addition, animals often make 
tracks on ridges so the going may be easier than in valleys. 

 
c. Rivers. While rivers are useful aids to direction keeping, it is generally poor policy to follow 

them. In rugged country, they are winding and are usually bordered by dense vegetation. 
 

d. Close Country. As movement through close country is slow, the distance travelled is often 
over-estimated. As visibility is limited through the vegetation, as mall undulation can often be 
mistaken for a significant spur. Unless the navigator is experienced in close country navigation, 
a straight route on a compass bearing should be followed rather than navigating from feature 
to feature.  

 
Once the route has been selected, it should be lightly marked on the map with a pencil. This route should 
then be mentally traversed to check for obstacles and ‘bad going’ and altered if necessary.  
 
Unmistakable objects, such as river junctions or hills, should be selected as bounds. Where possible, they 
should not be more than one hour’s march apart, so that the navigator’s exact position can be pin-pointed 
regularly. Linear features which cross the proposed route should be noted for use as navigation checks. 
 
Finally, the detail of bearings, estimated distance, marching time and going is worked out for each bound. 
This should be recorded on a navigational data sheet. 
 

ESTIMATING DISTANCE 
 
When planning a route, the distance to be travelled must be calculated, as thick vegetation will prevent 
position finding by inspection. When actually navigating, distance can be measured by pacing and by time. 
 
Pacing 
 
Pacing is the most reliable method of measuring the distance travelled. As each individual takes a different 
length of stride, everyone must determine the average number of paces that he takes for 100m over 
varying types of ground. With experience, the counting of paces and their conversion to metres, will give 
the individual an accurate gauge of the distance covered. Even so, it is always advisable to have a check 
pacer. As he is likely to have a different stride, the check pacer must always convert his distance covered to 
metres for the navigator’s use.  
 
There are various techniques for pacing. Some soldiers will find it easier to count every time their right foot 
comes to ground, that is, every second pace, when they are travelling a long distance. Their total paces 
must, of course, be doubled before conversion to metres. Whatever method is adopted, a reliable method 



must be used for recording the total paces, so that they are not forgotten when the soldier is distracted. 
Some proven methods are: 
 

a. the use of a pace or sheep counter, taped to the pistol grip of the rifle; 
  

b. tying a knot in a piece of string to represent each hundred paces; and  
 

c. transferring a pebble from one pocket to another at each hundred paces. 
 
When estimating distance from the maps, allowance must be made for the rise and fall of ground. Where 
the measured distance on the map is 1000 m, it will only be accurate if the ground is flat. If there is a hill 
included in the 1000 m, its height will have to be taken into account and the pacing count adjusted for 
climbing it on one side and going down the other. Additional paces required for various gradients are 
shown below. 
 

 
 
Time 
 
Time is a good check on the distance travelled when movement is continuous and does not involve the 
crossing of many obstacles. The average soldier, carrying basic equipment, will walk over flat, open country 
at a speed of about 5 km/h. The factors which would reduce this rate of movement are: 
 

a. the tactical situation,  
  

b. relief and drainage,  
 

c. vegetation,  
 

d. night time,  
 

e. the soldier’s load, and  
 

f. extremes of climate. 
 
The following rates of movement are provided only as a guide for use in Australia: 
 

a. Non-tactical Movement. 
 



(1) By day over open undulating country, 5000 m/h. 
 

(2) By day in close flat country, 3000 m/h. 
 

(3) By day in extremely rough country, deep sand or snow, 1500 m/h. 
 
b.  Tactical Movement. 

 
(1) By day over open undulating country, 2000 m/h. 

 
(2) By day in close flat country, 1000 m/h. 
 
(3) By night over open undulating country, 1000 m/h. 

 
(4) By night in close flat country, 100 to 500 m/h. 

 
THE NAVIGATIONAL DATA SHEET 

 
As an aid in planning navigation, and to record the bearing and distance between bounds, a navigational 
data sheet should be produced. The navigational data sheet can be written on any notepaper, but should 
be legible so that it can be checked and copied by a check navigator. An example is shown below. 
 

 
 
To write down all the information about going and the shape of the ground that can be determined from a 
map, would take a prohibitive amount of time. Consequently, a navigational data sheet can never replace 
the map. Its information is only to aid the memory. 
 
  



LESSON 13: CONDUCT OF NAVIGATION, AIMING OFF AND BYPASSING 
TECHNIQUES 

 
 

GENERAL 
 
Having planned a route carefully, a soldier required to navigate must combine good map reading with the 
correct use of aids. Successful navigation will depend on keeping direction and knowing the distance 
travelled. 
 
In most instances, the navigator has other tasks, such a commanding a patrol, predicting enemy locations, 
directing scouts, passing field signals and sometimes talking on a radio. Although the responsibility for 
accurate navigation remains with the commander, the pressure on them can be eased by the use of a check 
navigator and one or more check pacers. 
 
A junior commander must continue navigating even when they are no longer required to lead the column. 
If they are not continually aware of their exact location, they cannot deploy their troops using the ground 
to their best advantage. As they are less likely to receive the first contact they can concentrate more on 
their navigation to ensure its accuracy. 
 
A junior commander must master the technique of holding their weapon with one hand and using their 
other hand for checking the map, holding the compass and passing field signals. Each of these functions 
should be done in turn and not attempted together. A commander who waves a map in their hand when 
passing a field signal will become the first target. As enemy contact will result in immediate, instinctive 
reactions, a compass must be secured by a lanyard to prevent its loss. When the map is being used, the 
compass should be stored in a convenient pouch and, similarly, when the compass is in use, the map case 
should be placed in a pocket, or in the shirt front, or be attached by a strap. Although it is inconvenient to 
be shuffling map and compass, continual reference must be made to both. The task is made easier once the 
commander knows how to maintain direction.  
 
The commander must locate each bound before proceeding on the next leg. If, at the end of the required 
time and distance, a bound is not located, an error in navigation may have occurred and must be corrected 
before continuing the march. A temporary halt is then necessary, while reconnaissance is carried out. 
Reconnaissance parties sent out to locate a bound must be given a definite duration of movement. 
 

MAINTAINING DIRECTION 
 
Maintaining Direction by Day 
 
When moving through close country, continuous checks must be made using the compass. To maintain 
direction, a prominent object (such as a tree), which lies on the magnetic bearing, is selected. Once the 
navigator has reached this object, he selects another object which is on the bearing and moves to it. This 
method is continued until the destination is reached. 
 
In open country, direction can be maintained by reference to prominent landmarks which can be easily 
read from the map. Although continual reliance upon the compass is not necessary, it should still be 
regularly checked to ensure an error in map reading has not occurred. In daytime navigation, a knowledge 
of the sun’s movement provides the navigator with a double check on their direction. 
 
Maintaining Direction by Night 
 
Before any night activity, the luminous strips on a compass should be exposed to light to ensure their 
maximum brightness. If the skyline or prominent objects are visible, direction can be maintained by 
methods similar to those employed in daylight. 
 



Often due to fog or cloud cover, no stars or prominent objects are visible. If this occurs, another soldier 
should be sent in the approximate direction until they are just visible. The navigator then notes by means of 
the compass whether the soldier is standing on the true bearing or to the right or left of it. The navigator 
moves up and places themself on what they judge to be the correct alignment. They then sends the soldier 
forward again. When the conditions are very dark, the soldier can hold luminous tape to greatly increase 
the rate of advance. 
 

LOCATING A PIN-POINT OBJECTIVE, BYPASSING AND DEAD RECKONING 
 
Locating a Pin-point Objective 
 
In open country, it does not matter greatly if navigation results in an error of a few mils, because the 
objective will be in view from a distance of hundreds of metres. In close country, however, it is possible to 
be within 20 m of the objective and not see it. Therefore, when aiming for pin-point objectives, it is 
advisable to select as an auxiliary objective the middle of a nearby linear feature with clearly defined limits, 
such as a length of track, an arm of a stream, or a border of cultivation. These must stretch across the pin-
point. An error of a few mils is then less likely to cause the party to miss the broader auxiliary objective. On 
arrival, it should be a comparatively simple matter to locate the nearby pin-point objective. The diagram 
below illustrates this principle. 
 

 
NOTES:  
(1) IF A BEARING OF 1800 MILS IS FOLLOWED ANY ERROR SOUTH WILL RESULT IN THE OBJECTIVE 
BEING MISSED ALTOGETHER 
(2) BY AIMING 200 MILS NORTH THE TRACK WOULD BE LOCATED AND THE OBJECTIVE FOUND WITH 
OUT CHANCE OF BYPASSING 

 
Bypassing 
 
When unexpected ‘bad going’ is encountered (for example, swamp or bamboo forest), a decision must be 
made as to whether it would be quicker to go round it or through it. If the decision is to bypass it, any 
tendency to cling to the edge of the area and ‘feel’ a route round must be avoided, as a loss of direction will 
result.  
 
There are two methods of bypassing which eliminate the possibility of error: 
 

a. Method 1. From the edge of the area, plot a fresh course at 1600 mils from the line of march and 
move a pace distance, say 500 paces. When the 500 paces mark has been reached, swing back on 
a parallel line of march for a sufficient distance to ensure bypassing. Then swing back 1600 mils 
in the direction of the original line of march for the desired distance (in this case 500 paces) to 
get back to a point from which the march can be continued (see below). 
  

b. Method 2. Select an object to a flank. Plot a new course to this object, and  from it, plot another 
course to another object on the line of march (see below). 



 
Method 1 

 

 
Method 2 

 
Dead Reckoning 
 
Dead reckoning (or traversing) is a method of navigating by plotting direction and estimated distance 
travelled. The method enables the navigator to always know the direction and distance back to his start 
point. Dead reckoning is most commonly used: 
 

a. when maps are not available, 
  

b. in poorly-mapped or featureless areas, and 
 

c. when patrols are forced to travel beyond the edge of their map sheet. 
 
The route is most accurately plotted when graph paper or the squared paper found in the field message 
and notebook is used. Directions can be left in magnetic bearings to save time, although the result must be 
converted to a grid bearing if applied to a map. Any scale can be used, although it is most convenient to use 
the same scale as the map, as the plot can then be superimposed upon it. 
 
The plotting should be done with a sharp pencil and protractor. From a start point, the bearing and distance 
of the first leg is drawn. Each subsequent leg is then drawn in from the end of the previous one (see below). 



 
Dead Reckoning 

 
ACTION IF LOST 

 
If lost, the navigator should not act hastily. He should halt and consider: 
 

a. whether he has drifted left or right of his line; 
  

b. whether he could have already passed the objective, or whether the time and distance 
travelled was badly estimated; 

 
c. whether the ground covered conformed with his mental picture of the going he expected from 

the map;  
 

d. whether there are any features in the area which will help him to fix the position, or enable 
him to conduct a resection; and  

 
e. the possibility of local magnetic attraction, compass error or inaccuracy in the map, although 

extreme care should be taken before attributing one’s ‘being lost’ to the map. 
 
As a result of careful consideration, it should be possible to narrow the situation down to two or three 
probable locations. Short reconnaissance patrols in opposite directions should bring back sufficient 
information to allow a fix of the position. 
 
Commanders must always brief their soldiers on the action to be taken if they become separated from the 
group. The brief must be kept simple and the action required should remain the same for all legs of a route. 
If they are told to move in specific directions, it should be worded in terms of ‘north’ or ‘south’ rather than 
‘left’ or right’, as direction can then be found with only a basic knowledge of the movement of the sun and 
stars. For example, ‘move east to the railway, then follow it south`. 
 
 
 
 
 
 
 



LESSON 14: CONDUCT OF NIGHT NAVIGATION  
 
General 
 
Navigation by night is challenging enough when not in the presence of the enemy, but there are tools at 
techniques that can be employed that assist greatly. 
 
Noise and light discipline. In a tactical setting noise and light discipline must be maintained, however 
navigation is still possible without breaching discipline. When planning if a blacked-out tent is not available 
the navigator can climb inside their sleeping bag head first with a torch and conduct their planning there; 
and military style compasses are equipped with fluorescent markings to allow navigation. 
 
Setting the Prismatic Compass for Night Marching 
 
Having determined the bearing required, the locking screw should be loosened so that the upper glass 
cover can be turned freely. This should be positioned so that the graduation against the lubber line shows 
the required bearing. The glass cover should be kept in this position by tightening the locking screw. The 
tongue of the compass will then indicate the required bearing when the north point on the card coincides 
with the luminous strip on the glass cover. The luminous strips on a compass fade with age. They will often 
regain their brightness if the luminous strip is exposed to sunlight before night activities commence. 
 
Finding Direction from the Southern Polar Sky 
 
Before the magnetic compass was invented, man navigated across continents and explored the world with 
the aid of the sun and stars. As a magnetic compass is useless in the polar regions, in areas of iron ore or 
when navigating from a vehicle, a knowledge of the movement of the sun and stars is still essential for 
navigation. 
 
Even when a magnetic compass is available, the sun and stars provide a useful check upon the accuracy of 
the compass. Soldiers who don’t have a compass, but can read the sky, can still know the direction that 
they are travelling. This will develop self-confidence and is a useful aid as a survival technique. 
 
Unfortunately, there is no prominent star located at the South Celestial Pole, which is that point directly 
above the South Pole. However, its position can be determined approximately by using one of the following 
star groups: 
 

a. Southern Cross and pointers, 
  

b. Achernar and pointers, and  
 

c. Sirius and Canopus. 
 
Southern Cross and Pointers. The South Celestial Pole can be found by extending the longest axis of the 
Southern Cross four and a half times. This should be checked by ensuring that the vertical bisector of the 
line joining the pointers meets the Southern Cross prolongation at this same imaginary point. This point is 
the general direction of south (Figure 40). The pointers should always be used as a check, to ensure that 
one of the false crosses has not been used by mistake. 
 
Maintaining Direction by Night 
 
Before any night activity, the luminous strips on a compass should be exposed to light to ensure their 
maximum brightness. If the skyline or prominent objects are visible, direction can be maintained by 
methods similar to those employed in daylight. 
 
Often due to fog or cloud cover, no stars or prominent objects are visible. If this occurs, another soldier 
should be sent in the approximate direction until they are just visible. The navigator then notes by means of 



the compass whether the soldier is standing on the true bearing or to the right or left of it. The navigator 
moves up and places themself on what they judge to be the correct alignment. They then sends the soldier 
forward again. When the conditions are very dark, the soldier can hold luminous tape to greatly increase 
the rate of advance. 
 

 
 
  



LESSON 15: INTRODUCTION TO GPS  

General 

The Global Positioning System (GPS) is a space-based satellite navigation system that provides location and 
time information in all weather, anywhere on or near the Earth, where there is an unobstructed line of 
sight to four or more GPS satellites. It is maintained by the United States government and is freely 
accessible to anyone with a GPS receiver.  

The GPS program provides critical 
capabilities to military, civil and commercial 
users around the world. The GPS project 
was developed in 1973 to overcome the 
limitations of previous navigation systems, 
integrating ideas from several predecessors, 
including a number of classified engineering 
design studies from the 1960s. GPS was 
created and realised by the U.S. Department 
of Defense (DoD) and was originally run 
with 24 satellites. It became fully 
operational in 1994. 

GPS is an excellent tool for navigation and 
should be used where ever possible; however the skilled navigator must first be competent in navigation 
without the aid of GPS. GPS can be lost at any time. It is reliant on battery power and a serviceable receiver, 
it can be jammed by enemy signals, and it is degraded in areas where there is overhead cover such as in the 
jungle and urban terrain. The trained navigator must be able to revert to conventional navigation methods 
at any time. 

Basic concept of GPS 

A GPS receiver calculates its 
position by precisely timing the 
signals sent by GPS satellites 
high above the Earth. Each 
satellite continually transmits 
messages that include the time 
the message was transmitted, 
and the satellite position at 
time of message transmission. 

The receiver uses the messages 
it receives to determine the 
transit time of each message 
and computes the distance to 
each satellite using the speed 
of light. Each of these distances 
and satellites' locations define 
a sphere. The receiver is on the 
surface of each of these spheres when the distances and the satellites' locations are correct. These 
distances and satellites' locations are used to compute the location of the receiver using the navigation 
equations. This location is then displayed, perhaps with a moving map display or latitude and longitude; 
elevation information may be included. Many GPS units show derived information such as direction and 
speed, calculated from position changes. 



In typical GPS operation, four or 
more satellites must be visible 
to obtain an accurate result. 
Four sphere surfaces typically 
do not intersect. Because of this 
we can say with confidence that 
when we solve the navigation 
equations to find an 
intersection, this solution gives 
us the position of the receiver 
along with accurate time 
thereby eliminating the need 
for a very large, expensive, and 
power hungry clock. The very 
accurately computed time is 
used only for display or not at 
all in many GPS applications, 
which use only the location. A number of applications for GPS do make use of this cheap and highly 
accurate timing. These include time transfer, traffic signal timing, and synchronization of cell phone base 
stations. 

Although four satellites are required for normal operation, fewer apply in special cases. If one variable is 
already known, a receiver can determine its position using only three satellites. For example, a ship or 
aircraft may have known elevation. Some GPS receivers may use additional clues or assumptions such as 
reusing the last known altitude, dead reckoning, inertial navigation, or including information from the 
vehicle computer, to give a (possibly degraded) position when fewer than four satellites are visible. 

 
 
  



 
 

NAVIGATION TEST 
 

CADET NAME:  ________________________ 

CADET NUMBER: ________________________ 

DATE:   ________________________ 

 
[NOTE:  To complete this test you need the map on the last page of the handbook, a 
pencil and a blank piece of A4 paper.] 
 
Q1. Using the attached map and your piece of paper, make a roamer for use on the 
attached map to determine grid references. Make sure you write your name on it 
and hand it in with your test. 
 
Answer:  [Show your roamer to the instructor for approval before proceeding] 

Mark         /2 
 
Q2. What sort of map is attached to this test? 
  

a. Joint Operations Graphic (JOG) Map, 
b. Topographical Map, OR 
c. Planimetric Map 

 
Answer: __________________ 

Mark          /1 
 
Q3. What is the scale printed on the attached map? 
 
Answer: __________________ 

Mark          /1 
 
Q4. What is the contour interval on the attached map? 
 
Answer: __________________ 

Mark          /1 
 
  



Q5. What colour are the following things usually marked on the map with? 
 
Answers: Water courses      ___________ 
  Vegetation      ___________ 
  Artificial objects (Railways, buildings) ___________ 
  Roads & Built up areas    ___________ 

Mark          /4 
   
Q6. True or false, Eastings are the lines that run up & down the map, and Northings 
run across the map? 
 
Answer: __________________ 

Mark          /1 
 
Q7. When giving a Grid references Northings and Eastings are given in what order?  
 
Answer: __________________ 

Mark          /1 
 
Q8. What is the four figure GR for Derrier Flat on the map? 
 
Answer: __________________ 

Mark          /1 
 
Q9. What is the six figure GR for the North-Eastern most bridge on Yabba Creek 
Road? 
 
Answer: __________________ 

Mark          /1 
 
Q10. What is the eight figure GR for the .486 spot height? 
 
Answer: __________________ 

Mark          /2 
 
Q11. Using the edge of your A4 piece of paper and the scale, measure the direct 
distance between the .486 feature and the .431 feature. What is that distance? 
 
Answer: __________________ 

Mark          /2 
 
  



Q12. What is the curved distance between the Western most bridge, and Eastern 
most bridge, along Yabba Creek Road? 
 
Answer: __________________ 

Mark          /2 
 
Q13. What are the following types of slope? 
 

  
Answer:  Answer: 

 
Mark          /2 

 
Q14. Using the diagram to the left, calculate the 
magnetic variation for this year? 
 
Answer: __________________ 

Mark          /1 
 
Q15. What is the Acronym for remembering how to 
convert Grid bearings to Magnetic, and Magnetic to 
Grd? 
 
Answer: __________________ 

Mark          /1 
 

 
Q16. Using that variation convert a Grid Bearing of 1600 mils to a magnetic bearing? 
 
Answer: __________________ 

Mark          /1 
 
Q17. If 360o = 6400 mils, what does 1o equal in mils? 
 
Answer: __________________ 

Mark          /1 
 



Q18. Using a protractor or silva compass, determine the grid bearing from the .486 
feature to the .431 feature? 
 
Answer: __________________ 

Mark          /2 
 
Q19. What is the back bearing to the above answer? 
 
Answer: __________________ 

Mark          /1 
 
Q20. Is there inter-visibility between the .486 feature and the .431 feature? Ignoring 
any vegetation, Yes or No? 
 
Answer: __________________ 

Mark          /1 
 
Q21. Compile the below Navigation Data Sheet for a route direct march from the 
.279 feature to the .274 feature, via the .368 feature? 
 
Answers:  

Ser GR From GR To Mag Bg Dist Remarks 

Eg 123 456 888 888 315o 2200m 
Gentle slop. Vegetation all the 

way. Creek crossing after 450m 

1      

2      

 
(one mark per box) Mark          /10 

 
Q22. If you were using a GPS for navigation, what map datum would you set it to if 
you were using a map with the below marginal information? 
 

 
 
Answer: __________________ 

Mark          /1 
(PASS = 90% or 36/40) TOTAL         / 40 



 
 
 
 

 
 


