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They say that all good
science is based upon
originals from nature,
so the latest ‘must
have’ fabrics share
many of their properties
with natural fabrics,
such as wool. And some
would argue these
have never been
surpassed. Many of us
are caught up with the
marvel of GNSS (Global
Satellite Navigation
Systems) such as GPS
and GLONASS. But,
ironically, it was celestial
navigation, the oldest
of all navigational
techniques, that paved
the way for our use of
handheld satnavs,
where we now launch
our own celestial
bodies to navigate by.
Yet the most popular
tool to determine north
and the 360 degrees
of the azimuth is the
magnetic compass,
and the science upon
which it is based is truly
remarkable. Magnetic
compasses are
cheap, durable,
dependable and
require no power
source, plus they are
very simple to use. But
how many of us really
understand how they
work?

Understanding the why, tends to

helps us translate knowledge into

a useful activity. In this article, we

are going to look at the simple

baseplate compass and:

� Understand how it works.

� Dispel some compass myths.

� Put theory into best practice.

How it works
You could not write the script

better for a science fiction thriller

than this – 4.5 billion years ago,

from the accumulation of a

massive nebula of exploded stars,

Earth was created and the final

unburnable stellar nuclear ash,

containing the heavy particles of

iron, nickel and cobalt sank to the

core of the Earth.

These three elements are very

special, as the electrons in their

outer shell spin creating magnetic

moments that are not cancelled,

which is why they are called

ferromagnetic.

Since this time the Earth’s core

has remained molten, due to heat

from ongoing radioactive decay,

and the motion of these molten

iron alloys in the Earth’s causes

convection currents, flowing in the

Your compass – the most advanced
piece of kit in your rucksack!
by Lyle Brotherton
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outer core that generate a massive

magnetic field extending thousands

of kilometres into space, and it is

this magnetic field that we use to

navigate!

In fact this field, called the

magnetosphere from above the

ionosphere, is vital to life, as it

protects the ozone layer from the

solar wind, which in turn protects

the Earth from dangerous

radiation. Plus it protects us from

solar storms that would make our

compass needles go haywire.

Essentially there are several giant

(dipole) magnets inside the Earth’s

molten core, which produce more

than 90% of the Earth’s magnetic

field, the rest coming from

electrical currents flowing within

the Earth’s crust and in the ionised

upper atmosphere.

Remember all those experiments

at school with iron filings, paper

and a magnet? Knew I should

have listened!

Dispelling the compass
myths

� The magnetic needle
in a compass points to
magnetic north!
No it does not! The magnetic

needle of a compass aligns itself

with the Earth’s local magnetic

field and not to any single point.

This field varies enormously across

the Earth in intensity and orientation,

and the compass actually points to

the sum of the effects of these

giant magnets at your location.

In other words, it aligns itself with

the magnetic lines of force and we

can measure these lines. They are

called Isogonic lines.

� The magnetic needle
is attracted to the

magnetic north pole.
No, it is not! Thinking about it, if it

were the case, the magnetic

strength of the Magnetic North

Pole would have to be so strong

as to attract a little compass

needle to it from Great Britain, that

the North Pole would no longer be

accessible because of the vast

quantities of iron pots and pans

deposited there!

� Magnetic north
is near True North!
No, it is not! It is actually a

whopping 11° off True North — the

axis about which the Earth spins

and all lines of longitude meet.

This means that the north and

south geographic poles and the

north and south magnetic poles

are not located in the same place.

� The Magnetic North
Pole will always be in
the north!
No, it will not! The Earth’s

magnetic field has reversed,

where a compass needle will point

south instead of north, several

times over the millennia. Reversals

occur at apparently random

intervals ranging from less than

100,000 years to as much as 50

million years. The last time this

happened was about 750,000

years ago.

� There are only three
Norths: Magnetic, True
and Grid.
No, there is a fourth north! The

North Geomagnetic Pole is the

north end of the axis of the

magnetosphere (the geomagnetic

field that surrounds the Earth) and

that extends into space. It is the

Your compass – the most advanced
piece of kit in your rucksack!

� The isogonic lines connect points of equal declination, just
as contour lines connect equal altitude, in other words,
anywhere along this line the magnetic declination is be the
same.
� The lines are spaced at 2° intervals, with Red representing
East declination and Blue representing West declination.

� The North Pole is static!
No, it is not! Because the Earth’s magma is a swirling molten

mass, Magnetic North is currently heading towards Russia at

65km per year!

Magnetic pole drift
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centre of the region in which the

Northern Lights or Aurora Borealis

can be seen.

� Magnetic North is the
Magnetic North of the
Earth’s giant magnet.
No, it is not! Essentially the needle

in a compass is a bar magnet,

with a north pole at one end and

south pole at the other. The north

end of this needle can only be

attracted to the South Pole of

another magnet, in this case the

Earth’s, so the North Pole is

actually a south pole magnet!

� We correct our
compasses for
magnetic declination!
No, we do not! We (I also used to

make this mistake) tend to use, as

mountain navigators, the term

magnetic declination or magnetic

variation (which is a synonym)

when correcting a grid reference

taken from a map to a compass,

and vice versa. Actually this

describes the angle between True

North and the horizontal trace of

the local magnetic field and it is

not the value we need to use in

Great Britain when working with

the British National Grid, as used

on Ordnance Survey and Harvey

Maps.

True North tends to be mainly on

global mapping systems, which

project large areas of the curved

surface of the earth on to flat

surfaces. However, the level of

spatial distortion caused by this,

across relatively small areas of the

Earth such as the British Isles, can

be significant.

As a result, we (and many other

countries) have developed our

own local rectangular grid systems

to reduce this degree of distortion.

Consequently the north meridian

lines on OS and Harvey maps do

not point to True North, they

instead point to Grid North.

The only north-south grid line that

actually points to True North is the

one which coincides with the

longitude meridian 358°, making

Grid North west of True North to

the left of this line and east of Grid

North to the right.

So we need to adjust for the

angular difference between Grid

North and Magnetic North when

converting between magnetic and

grid bearings.

This is called GRID MAGNETIC

ANGLE or GMA.

� This is difficult to
take in!
No, it is not! When you think about

it, it’s just common sense, which is

often not that common unless you

think about it.

The great news is that for us to

calculate what adjustments we

need and where for Grid Magnetic

Angle, these have all been

computed by the British Geological

Survey and the US National

Geophysical Data Center, to create

the World Magnetic Model, and it

is this information that is displayed

on the bottom of our OS and

Harvey maps.

Theory into practice
There are three ‘D’s we must

take into account when using a

compass: Declination, Deviation

and Dip.

Declination
It is easy to forget to account for

the difference between Grid North

and Magnetic North (GMA),

especially when the value is very

low – such as in Penzance, where

it is almost zero (0°24' west of Grid

North) – and so insignificant that

we don’t need to account for it

when converting between

magnetic and grid bearings.

Yet if you travel to the other side

of England, to Lowestoft, it is 3°46'

west of Grid North. Not correcting

for this difference will add

significant error into our navigation.

In places such as the USA this

effect is dramatic – the magnetic

declination on Mount Rainier,

Washington State, in the far west

of the country is 16°E, whereas in

Portland, Maine, on the east coast,

it is 16°W. If a compass were

adjusted on Mount Rainier and

then used in Portland without being

adjusted, the error would be 32°!

As our GMA is currently west in

the UK, we ‘Add for Mag and Rid

for Grid’ and we must

simultaneously take account of the

annual rate of change.

The image on page 5 is from a

team map currently in use where,

in 2002 the GMA is stated as 3°45'

with an annual rate of change 10'

east. As today’s date is 2012 we

need to multiply the annual rate of

change by 10 — so 10 x 13' =

2°10'.

Therefore, 3°45' – 2°10' = 1°35' is

the actual amount we need to

correct our compass by.

Always check the stated Grid

Magnetic angle on your map,

correct it for the time elapsed

since it was published and if it is 1°

or more, correct for it.

Deviation
There are natural and manmade

influences which can cause the

compass needle to move away

from Magnetic North.

Your compass – the most advanced
piece of kit in your rucksack!

British National
Grid Lines of
Longitude
In the diagram above,

the blue lines represent

British National Grid

Line, the black lines

represent Lines of

Longitude.
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Natural environmental
Some areas, such as the Cuillin

Ridge on the Isle of Skye in

Scotland, or Ross Island in

McMurdo Sound, off the coast of

Antarctica, contain large, local iron

ore deposits that make the

compass readings inaccurate.

Man-made
environmental
Local features that are visible,

such as wire fences, railway lines,

overhead high-voltage cables, and

those which are not visible,

including underground pipelines,

bunkers, silos and spoil heaps,

can all cause magnetic deviation.

Man-made personal
Steel wristwatches, metal-rimmed

glasses, pocket knives, belt buckles

or bras (if underpinned with wire)

can all cause your compass needle

to deviate.

More seriously, electrical

equipment that contains magnetic

induction coils, can permanently

reverse a compass needle’s

polarity so, when travelling in a

vehicle, make sure your compass

is not in your pocket next to a door

speaker, windscreen wiper motor

or team radio. Even some mobile

phones, with powerful speakers,

can exert the same effect.

If you suspect compass deviation:

1. Take a bearing on your map

from your known location to a

feature you can also see on the

land.

2. Correct the bearing for MGA.

3. Take a compass bearing from

where you are to the actual feature.

4. Your readings should differ by

no more than ±3° maximum. If

they do, repeat the technique

using another feature to eliminate

human error.

An online calculator for MGA

anywhere in the UK can be found

at http://tinyurl.com/cl6l4kq.

Dip
Also called inclination, dip is the

angle that a magnetic needle

makes with the horizontal plane at

any specific location. The magnetic

inclination is 0° at the magnetic

equator and 90° at each of the

magnetic poles. Because of this,

a compass designed for the

northern hemisphere will ‘stick’ in

the southern hemisphere and vice

versa.

Depending on where in the world

you are, any standard compass

you purchase generally has its

needle balanced only for that

region. For example, compasses

sold in New Zealand will only be

most effective in New Zealand and

Australia. This is why compass

manufacturers, such as Silva,

produce compasses for different

areas of the world, banded into

five zones.

Manufacturers, such as Suunto

have developed some global

compasses (M3 Baseplate

Global), which effectively negate

this problem so you can use the

same compass all over the world,

but they cost more money to buy.

Your compass — the most

sophisticated piece of kit in your

rucksack!
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