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ACTIVITY C1L1L1-00
LESSON 1
PRINCIPLES OF MAGNETIC COMPASS

Overview
This lesson will be focus on the basic principles of instrument that measures direction called
Magnetic Compass
Instructions
Student Learning Guide (Always follow this guide, ask your instructors if you need help)
1 Read the Learning Outcomes
2 Read and Study Lesson C1L1L1 and answer EX-NAV111-C1L1-01-00
3 Check your work by comparing your answers to the KEY EX-NAV111-C1L1-01-00
4 Redo exercise/s until you have reach the mastery level
5 If you think you have reach mastery level the you can ask your instructor that you are
ready to take the assessment or wait until will make a class assessment.
6 After you pass the assessment. Proceed to the next activity or lesson.
Learning Outcome:
After this lesson, the student will be able to:
3.1 Explain the principles of magnetic compass.
3.1.1 Learning Objectives:
After this exercise you will be able to:
.1 State the basic principles of Magnetic Compass
.2 State the Errors of Magnetic compass
.3 Describe the causes of each Error of Magnetic Compass
Lesson C1L1T1-01-00
Principles of Magnetism
According to the book NAVBAsics, A magnet is a ferrous metal (ie, Iron or steel that has a
magnetic field around it, enabling it to attract other metals. The strength of this magnetic field
is stronger the ends of the magnet, these are called POLES the bar magnet shown I figure 1, has
two poles with opposite polarity (ie one with positive and one with negative. These poles are
connected to each other’s with a magnetic line of force that travels from one pole to another
the pole from which this lines of force emanate is RED or South Pole and pole in which they
enter the magnet is called BLUE or north pole.
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Magnetic Field

1

2

1

New Bar Magnet
Figure 1 Presentation of BAR Magnet and its
Magnetic Field, with Regular iron (2) and (3)
the Iron becomes a BAR Magnet itself.

Figure 2 A new BAR magnet
ma
agnet was created (3),
(3)
with its own magnetic field

In Figure 1. If an (2) Iron bar is placed in the earth magnetic field, (1.a) it will become a
temporary magnet, this often unnoticed due the weakness of the magnetic field created on a
steel. This type of magnetism is called Induce magnetism.
The potentials of an Iron bar to retained induce magnetism depend on its hardness the strength
of the magnetic field, to which it was subjected. If an Iron Bar is subjected to a strong magnetic
field it may retain magnetism on a longer duration. In which case it will be known as Permanent
magnetism.
An Induce magnetism is known as soft iron magnetism and permanent magnetism as hard iron
magnetism.

The Earth’s Magnetism
According to
https://www.windows2universe.org/earth/Magnetosphere/earth_magnetic_field.html
access June 2, 2018 1530hrs.
The Earth’s Magnetic field
Earth has a magnetic field. If you pretended that Earth had a gigantic bar magnet inside of it (it
doesn't really, of course), you would have a pretty good idea about the approximate shape of
Earth's magnetic field. Earth's magnetic field is slightly tilted with respect to the planet's spin
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axis; there is currently a difference of about 11° between the two. Because of this difference,
the Geographic North Pole and the North Magnetic Pole are not actually in the same place;
likewise, for the South Poles.

Figure 3A Earth is presumed to be a Gigantic BAR Magnet,
viewed the 180th meridian can be seen the North and
South Pole are represented by circle Blue (North), and Red
(South)

Figure 4B Represents the earth with the imaginary Magnetic
Field transmitting form South to North

Location of
Magnetic North and South Pole

Based on the data from http://wdc.kugi.kyoto-u.ac.jp/poles/polesexp.html access June 2, 2018
1600hrs. The location of the Magnetic North and South pole have been monitored and
Predicted until 2020, the data on the table below is extracted from table 1 of this page.
YEAR
2015
2016
2017
2018
2019
2020

Magnetic North Pole
Lat. 86.3N Long. 160.0W
Lat. 86.4N Long. 166.3W
Lat. 86.5N Long. 172.6W
Lat. 86.5N Long. 178.8W
Lat. 86.4N Long. 175.3E
Lat. 86.4
Long. 169.3E

Magnetic South Pole
Lat. 64.3S Long. 136.6E
Lat. 64.2S Long. 136.4E
Lat. 64.2S Long. 136.3E
Lat. 64.2S Long. 136.1E
Lat. 64.1S Long. 135.7E
Lat. 64.1S Long. 135.7E

In figure 3A, the approximate location of the magnetic north and south pole and figure 3B with
the imaginary magnetic fields are illustrated, it will give you a bird’s eye-view how magnetic
field flows from south to north.
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The principles
A basic magnetic compass makes use of a lightweight bar magnet, is a form of needle (see
figure 4), balance on an almost frictionless pivot point, to locate directions relative to the
magnetic poles. The needle (usually called compass needle) is marked ‘N’ for North and ‘S’ for
south, which mean that the marked “N” end will point to the magnetic north pole.
The North side of the compass needle (colored blue) is not really the north pole of the magnet
but it is the side that will point to the north Magnetic pole of the earth. So if we will use the Law
of Magnetism state that “Unlike poles attracts its other” and “Like poles Repel each other”, you
can conclude that the side marked ‘N’ on the needle is the south pole of the needle.

The Magnetic Compass and the Earth’s Magnetic field.
The earth has a magnetic field as well, with its magnetic south pole close to the geographic
North Pole and its magnetic north pole close to the geographic South Pole, a free-spinning
magnet (Compass needle) will always take on a north-south orientation. The names of the poles
of a magnet are derived from this. For the sake of convenience, but nevertheless slightly
confusing, the south pole of “the 'earth magnet' is called the magnetic north pole and the north
pole of the 'earth magnet' is called the magnetic south pole.
A magnet is a ferrous metal (example iron or steel) that has a magnetic field around it, enabling
it to attract other metals. The strength of this magnetic field is stronger towards the end of the
magnet, these are called poles. The bar magnet shown in figure 4.3.1 has two poles in opposite
polarity (example one positive (N) and one negative (S). These poles are connected to each
other with magnetic line of force that travel from one pole to the other. The pole from where
these lines of force originated is called RED or South pole and the pole where they enter the
magnet is called the BLUE or North pole.
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The Magnetic Field is the force of the magnetism running from south magnetic pole and
entering the north magnetic pole. It is represented by an imaginary line running red lines from
south magnetic pole and entering north magnetic pole on an uneven direction see figure 5.

Figure 5 Magnetic Needle, Magnetic field and Interaction between Magnetic needle and the
Magnetic field (5B) and the earth's (5C)

When a magnetic compass
needle (5A) will be put on the
magnetic field (5B), it will
align with the magnetic field
(or magnetic meridian going
to the North magnetic pole
(see Figure 5C), therefore
when a magnetic compass
will disturb by the earth’s
magnetic field, it will align
itself to the magnetic north
following the path same with
the magnetic field.

Let’s simplify. so that you will have an idea how magnetic compass work on the actual on board
a ship. The figure 6 below will explain you as student of navigation understand the importance
of knowing how magnetic compass work, as it is the primary or maybe the only instrument that
measure directions without using any power (electricityy or
electronically).

Figure 6 Shows a simplified diagram of the
Geographic poles and its and the true meridians
(Color Black lines) and Magnetic pole and its magnetic

Figure 6B shows how the magnetic compass behave (or
react) it will always align with the magnetic meridian
(field) which will supposed to end to the North magnetic
pole.
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Errors of the Magnetic Compass
1. Variation – the angular difference between the Magnetic Compass bearing and the True
bearing of the object, it changes in every location of the compass (or ship using the
compass).
Causes and reason of the Variation Error
1.1 The compass needle does not point to true Geographical north.
1.2 The Compass align itself to the Magnetic meridian (line of force or field).
1.3 When ship is on another locality.
2. Deviation – is the angular difference between the Magnetic Compass Error and the
Magnetic Compass Variation it changes as a ship's magnetic properties change.
Causes and reasons of Deviation Error
2.1 The magnetic properties also change with changes in the ship's structure or
magnetic cargo.
3. Deviation changes with heading. The ship as well as the earth may be considered as a
magnet. The effect of the ship's magnetism upon the compass changes with the
heading;
The Magnetic Compass Error (will be explain later on this course notes)
Variation the angle of difference between the Magnetic north (Mn) and True North (Tn),
measured from the magnetic North. It can also be is found printed within the
compass rose of the nautical chart in use, but the secular variation must applied to
the printed variation in the compass rose.
Variation is cause by the direction of the magnetic field of the earth, review figure 6
and observe the red arrow (Magnetic field is going to the magnetic north and the
black arrow line are the true meridian is going to geographical or true meridian, and
in figure 6B, when magnetic compass is use the magnetic needle will align with
magnetic field. So therefore it can be concluded that the main reason of the variation
error of magnetic compass are the location of the Magnetic North and True or
geographical north is not the same. Variation is the same on every ship and heading
but it differs on every the location of the ship and changing annual. See the printed
date on your nautical chart’s compass rose.
Secular variation is the annual change of variation in minutes either east of west and
is printed on the compass rose of the nautical chart that you are using. It cause by
movement of the magnetic north.
Deviation the angle of difference between Magnetic North (Mn) and Compass North (Cn) or
can be directly found by consulting the deviation card that provides the deviation for
each 15° of magnetic heading. it is the algebraic sum of your Computed Variation and
your Compass Error.
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Deviation is created by the change of magnetic field and environment, when a
magnetic compass will be installed on board ship, so as the ship turns the deviation
change. Deviation is cause by the following Magnetic properties of the ship and its
cargo and the combine effect of change of magnetic needle magnetic field, Ship’s
Magnetic field and the earth’s magnetic field.
Compass Error, defined as the angular difference between your Magnetic North and Compass
North (Cn) or if Variation and Deviation are available, it is the algebraic sum of
variation and deviation. It is cause by the combine effect of variation and deviation.
NOTE: It is the result of the effect of the combine magnetic disturbance of Variation and Deviation, created
by the magnetic field of the Earth, your Ship and cargo, the compass needle itself and the environment

EX-NAV111-C1L1-01-00 – ESSAY
Principles of Magnetic Compass
Instructions:
Answer the following questions and write your answer on the space provided.
(this space is reserve for the exercise answers)
QUESTIONS
1. State the Basic Principles of Magnetic Compass.
Answer:

2. What are the errors of the Magnetic Compass
Answer:

3. Define the errors of Magnetic Compass
Answer:
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4. Describe the causes of Errors Magnetic Compass

KEY EX-NAV111-C1L1-01-00 - ESSAY
Principles of Magnetic Compass
1. Explain Basic Principles of Magnetic Compass (Model answer Question 1)
Magnetic compass is based on the principles of magnetism and uses a magnetized needle or
an array of needle that is allowed to rotate freely on the horizontal plane. The magnetized
piece metal (the needle) will have regions of concentrated magnetism called Poles and it will
be the main source of reference of the needle. It uses the principles of magnetism “Unlike
poles attract each other, and like poles repeal.

2. What are the Errors of Magnetic Compass (Model Answer Question 2)
Magnetic compass has the following errors, Variation, Deviation and Compass Error.
3. Define each the errors of Magnetic Compass
a. Variation – the angular difference between the Magnetic Compass bearing and the
True bearing of the object, it changes in every location of the compass
b. Deviation the angle of difference between Magnetic North (Mn) and Compass North
(Cn)
Compass Error, defined as the angular difference between your Magnetic North and
Compass North (Cn)
4. Describe the each of the Error of a Magnetic Compass (Model Answer Question 3)
Variation is the angle of difference between the Magnetic north (Mn) and True North (Tn),
measured from the magnetic North. It can also be is found printed within the compass rose
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of the nautical chart in use, but the secular variation must applied to the printed variation in
the compass rose.
Deviation the angle of difference between Magnetic North (Mn) and Compass North
(Cn) or can be directly found by consulting the deviation card that provides the
deviation for each 15° of magnetic heading. Deviation is created by the change of
magnetic field and environment, when a magnetic compass will be installed on board
ship, so as the ship turns the deviation change. Deviation is cause by the following
Magnetic properties of the ship and its cargo and the combine effect of change of
magnetic needle magnetic field, Ship’s Magnetic field and the earth’s magnetic field.
Compass Error, defined as the angular difference between your Magnetic North and
Compass North (Cn) or if Variation and Deviation are available, it is the algebraic sum of
variation and deviation. It is cause by the combine effect of variation and deviation

Reflective Writing
Introduction

Part 2 – Your perception

Part 3 – You’re learning after reading, studying on the references

Part 4 – Your new perception
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Part 5 – What went right, what went wrong and what should done

Part 6 – Your synthesis
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ACTIVITY C1L1L2-00
LESSON 2
OPERATIONAL PRINCIPLES OF MAGNETIC COMPASS
Overview
This lesson will be focus on the operational principles of Magnetic Compass
Instructions (learning Guide) (Detailed process that the student shall follow throughout the
activity)
Student Learning Guide (Always follow this guide, ask your instructors if you need help)
1 Read the Learning Outcomes
2 Read and Study Lesson C1L1L2 and answer EX-NAV111-C1L1-02A-00
3 Check your work by comparing your answers to the KEY EX-NAV111-C1L1-02A-00
4 Redo exercise/s until you have reach the mastery level and proceed to answer EXNAV111-C1L1-02B-00
Check your work by comparing your answers to the KEY EX-NAV111-C1L1-02A-00
Redo exercise/s until you have reach the mastery level and proceed to answer EXNAV111-C1L1-02C-00
5 If you think you have reach mastery level in the EXERCISES, then you can ask your
instructor that you are ready to take the assessment or wait until will make a class
assessment.
6 After you pass the assessment. Proceed to the next Activity
Lesson C1L1T2
Learning Outcome:
After this lesson, the student will be able to:
3.1 Explain the principles of magnetic compass.
3.1.1 Learning Objectives:
After this exercise you will be able to:
.1 State the Operational principles of Magnetic Compass
.2 Identify the parts of magnetic compass
.3 Describe the basic parts of Magnetic Compass
Operational Principles of Magnetic Compass
Nomenclature of Magnetic Compass
NOTE: this Basic and complete Nomenclature of Magnetic Compass are extracted from this
website address (https://www.globalsecurity.org/military/library/policy/army/fm/55501/chap6.htm)
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The following components make up a standard 7.5 -inch Navy compass. The (7.5 inches refers
to the diameter of the compass see figure 7)

Figure 7 Basic Nomenclature of Magnetic Compass

MAGNETS (A) These are four (two in older compasses) cylindrical bundles of magnetic steel
wire or bar magnets which are attached to the compass card to supply directive force. Some
newer compasses have a circular magnet made of a metallic alloy.
COMPASS CARD (B) this is an aluminum disc, graduated in degrees from 0° to 360°. It also
shows cardinal and inter-cardinal points. North is usually indicated by the fleur de lis figure in
addition to the cardinal point. Being attached to the magnets, the compass card provides a
means of reading direction.
COMPASS BOWL (C) This is a bowl-shaped container of nonmagnetic material (brass) which
serves to contain the magnetic elements, a reference mark, and the fluid. Part of the bottom
may be transparent (glass) to permit light to shine upward against the compass card.
Fluid (D) this is liquid surrounding the magnetic element. According to Archimedes principle of
buoyancy, a reduction of weight results in a reduction of friction, making possible closer
alignment of the compass needle with the magnetic meridian. Any friction present will tend to
prevent complete alignment with the magnetic meridian.
FLOAT (E) this is an aluminum, air-filled chamber in the center of the compass card. This further
reduces weight and friction at the pivot point.
EXPANSION BELLOWS (F) this is an arrangement in the bottom of the compass bowl. This
operates to keep the compass bowl completely filled with liquid, allowing for temperature
changes. A filling screw facilitates addition of liquid, which may become necessary
notwithstanding the expansion bellows.
LUBBER LINE this is a reference mark on the inside of the compass bowl. It is aligned with the
ship's fore and aft axis or keel line of the ship. The lubber line is a reference for the reading of
direction from the compass card. The reading of the compass card on the lubber line at any
time is the "ship's heading."
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GIMBALS, this is a metal ring on two pivots in which the compass bowl is placed. The compass
is also on two pivots which permits it to tilt freely in any direction and remain almost horizontal
in spite of the ship's motion. The compass rests on the binnacle.
An important concept is that regardless of the movement of the ship, the compass card
remains fixed (unless some magnetic material is introduced to cause additional deviation from
the magnetic meridian). The ship, the compass bowl, and the lubber line move around the
compass card. To the observer witnessing this relative motion, it appears that the compass card
moves.
BINNACLE -A nonmagnetic housing which supports the magnetic compass and provides a
means of inserting corrector magnets for compass adjustment as explained. The binnacle also
contains a light. Usually below the compass bowl. To permit the reading of direction at night.
The operational principles of Magnetic Compass
A magnetic compass operates because the Earth is like a giant magnet, surrounded by a huge
magnetic field. The Earth has two magnetic poles which lie near the North and South poles. The
magnetic field of the Earth causes a magnetized ‘needle’ of iron or steel to swing into a northsouth position if it is hung from a thread, or if it is stuck through a straw or piece of wood
floating in a bowl of water.
A compass operates by utilizing the Earth’s magnetism in order to find directions. Its invention
enabled people to perform navigation over long distances, opening up the sea for exploration
A compass points north because all magnets have two poles, a north pole and a south pole, and
the north pole of one magnet is attracted to the south pole of another magnet.
The Earth is a magnet that can interact with other magnets in this way, so the north end of a
compass magnet is drawn to align with the Earth’s magnetic field. Because the Earth’s magnetic
North Pole attracts the “north” ends of other magnets, it is technically the “South Pole” of our
planet’s magnetic field.
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A Complete Magnetic Compass Nomenclature

Figure 1B Complete Nomenclature of Magnetic
Compass, Description on the right side of the image

Exercise NAV111-C1L1-02A-00 – Essay
QUESTION
State the Operating Principles of Magnetic Compass.
Answer:
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Exercise NAV111-C1L1-02B-00 – Matching type
Instruction: SHADE the BOX on the next page, below the letter on the left side image that
correspond the number of the magnetic compass part on right side image. Ex. Letter “K”
correspond to number “11”.

LEFTn

RIGHTo
o

A

B

C

L

E

F

G

H

I

J

K

1
2
3
4
5
6
7
8
9
10
11
12
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Key Exercise NAV111-C1L1-02C-00
Question
Describe at least 3 basic parts of Magnetic Compass
Answer:

Model answer: Exercise NAV111-C1L1-02A-00 – Essay
The magnetic compass is an instrument that measure direction. It operates because the Earth is
like a giant magnet, surrounded by a huge magnetic field. The Earth has two magnetic poles
which lie near the North and South poles. The magnetic field of the Earth causes a magnetized
‘needle’ of iron or steel to swing into a north-south position if it turns freely.
A compass operates by utilizing the Earth’s magnetism in order to find directions. Its invention
enabled people to perform navigation over long distances, opening up the sea for exploration
A compass points north because all magnets have two poles, a north pole and a south pole, and
the north pole of one magnet is attracted to the south pole of another magnet.
Key Exercise NAV111-C1L1-02B-00 Matching type
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Model answer: Exercise NAV111-C1L1-02C-00 – Essay
MAGNETS these are four cylindrical bundles of magnetic steel wire or bar magnets which are
attached to the compass card to supply directive force;
COMPASS CARD this is an aluminum disc, graduated in degrees from 0° to 360°. It also shows
cardinal and inter-cardinal points;
COMPASS BOWL (C) This is a bowl-shaped container of nonmagnetic material (brass) which
serves to contain the magnetic elements, a reference mark, and the fluid;

Reflective Writing NAV111-C1L1-02-00
Introduction

Part 2 – Your perception

Part 3 – Your learning after reading, studying on the references

Part 4 – Your new perception
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Part 5 – What went right, what went wrong and what should done

Part 6 – Your synthesis
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ACTIVITY NAV11-C1L2-01-00
Basic Principles of Gyro Compass

Overview
This lesson will be focus on the basic principles of instrument that measures direction called
Gyro Compass and its operational principles.
Instructions
Student Learning Guide (Always follow this guide, ask your instructors if you need help)
1 Read and Study Lesson C1L2L3-01-00 and answer EX-NAV111- C1L2L3-01-00
2 Check your work by comparing your answers to the KEY EX-NAV111- C1L2l3-01-00
3 Redo exercise/s until you have reach the mastery level, then proceed to the next lesson
5 If you think you have reach mastery level then you can ask your instructor that you are
ready to take the assessment or wait until will make a class assessment.
6 After you pass the assessment. Proceed to the next activity or lesson.
Learning Outcome:
After this lesson, the student will be able to:
3.1 Explain the principles of GYRO compass.
3.1.1 Learning Objectives:
After this exercise you will be able to:
.1 State the basic principles of GYRO Compass;
.2 State Operational principles of GYRO Compass including its Errors
.3 Describe the causes of each Error of Gyro Compass
LESSON NAV111-C1L2L3-01-00
Basic Principles of GYRO Compass
Gyrocompass, navigational instrument which makes use of a continuously driven gyroscope to
accurately seek the direction of true (geographic) north. It operates by seeking an equilibrium
direction under the combined effects of the force of gravity and the daily rotation of the Earth.
As such, it is immune to magnetic interferences such as those caused by ore deposits, steel
structures, or electric circuits. These properties make the gyrocompass a prime navigational
device in ships and submarines. It has found extensive use on ships as a reliable compass for
navigation of any ship
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The Free Gyroscope and Its Gimbal Mountings
Gyroscope
The word gyroscope was first coined by a French scientist, Leon Foucault, in 1852. It is derived
from the Greek words "gyro," meaning revolution, and "skopien," meaning to view.
The gyroscope, commonly called a GYRO, has existed since the first electron was sent spinning
on its axis. Electrons spin and show all the characteristics of a gyro; so does the Earth, which
spins about its polar axis at over 1000 miles per hour at the Equator. The Earth's rotation about
its axis provides the stabilizing effect that keeps the North Pole pointed within one degree of
Polaris (the North Star).
Any rapidly spinning object—a top, a wheel, an airplane propeller, or a spinning projectile—is
fundamentally a gyroscope. Strictly speaking, however, a gyroscope is a mechanical device
containing a spinning mass that is universally mounted; that is, mounted so it can assume any
position in space. Figure 1 shows a model of a gyro. As you can see, a heavy wheel (rotor) is
mounted so that its spin axis is free to turn in any direction. The wheel spins about axis; it can
turn. With this mechanical arrangement, the spinning wheel can assume any position in space.

Figure 1

Gyroscopes have two basic
properties: rigidity and
precession. Those
properties are defined as
follows:
RIGIDITY — The axis of
rotation (spin axis)
of
the gyro wheel tends to remain in a fixed direction in space if no force is applied to it.
PRECESSION — The axis of rotation has a tendency to turn at a right angle to the direction of an
applied force.
The idea of maintaining a fixed direction in space is simple to illustrate. When any object is
spinning rapidly, it tends to keep its axis pointed always in the same direction. A toy top is a
good example. As long as the top is spinning fast, it stays balanced on its point. Because of this
gyro action, the spinning top resists the tendency of gravity to change the direction of its axis.
You can think of many more examples. A bicycle is easier to balance at high speed than when it
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is barely moving. At high speed, the bicycle wheels’ act as gyros, and tend to keep their axes
(axles) parallel to the ground.
Note that it is easy to move the gyro as long as you keep the axis POINTING in the SAME
DIRECTION. The gyro resists only those forces that tend to change the direction of its axis. In a
bicycle, since the axis of rotation (the wheel's axles) is horizontal, the wheels’ win resists any
force that tends to tilt or turn them to the right or left. If you can obtain a gyroscope top, you
can do some instructive experiments with it. Hold the gyro top with its axis vertical as shown in
figure 2.1-2 and start it spinning. As long as it is spinning fast, it will stay
balanced. You can balance it on a string or on the point of your finger;
the axis will stay vertical as long as the top is spinning fast. As we
mentioned before, this ability of a gyro to keep its axis fixed in space is
called RIGIDITY.

PRECESSION
Now, if you stop the gyro top and turn its axis horizontal, and then
start it spinning again, balancing one end on a pivot, (figure. 2.13), it won't fall. The top's axis will stay horizontal, resisting the
tendency of gravity to change its direction although the gyro will
RESIST the force that gravity applies to it, the gyro will still
RESPOND to that force. The gyro responds by moving its axis at a
RIGHT ANGLE to the APPLIED FORCE. The axis will tilt in a direction
90o away from the applied force. This is called PRECESSION.
Another view of the same gyroscope. Its far end is still
balanced on the pivot. Gravity is pulling down on the gyro. If
the gyro rotor is turning in the direction shown by the
arrow, the near end of the frame (axis) will move to the left.
If the rotor were turning in the opposite direction, the frame
would move to the right. Note that in each of these
examples the direction of movement was displaced from the
applied force (gravity) by 90 degrees. The axis stays
horizontal, but the gyroscope responds to the force of
gravity by rotating around the pivot.
Gyro action may be summarized as follows:
9 A spinning gyro tends to keep its axis pointing in the same direction. This is called
RIGIDITY;
9 If you apply a force that tends to change the direction of the spin axis, the axis will
move at a right angle to the direction of the applied force;
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9 The direction of precession will be 90° clockwise from the applied force if the rotor
is spinning clockwise (when viewed from the "free" end of the rotor's axis);
9 If the rotor is spinning counter clockwise, the precession will be 90° counter
clockwise;
9 If the axis is horizontal, and you try to tilt it, the axis will turn. If the axis is
horizontal, and you try to turn it, the axis will tilt. This second characteristic of a gyro
is called PRECESSION
Because of precession, we can control the direction that the spin axis points. This enables us to
aim the spin axis where we want it to point. Without precession, the rigidity of the gyro would
be useless.
Practice Questions
Q-1. Can any rapidly spinning object be considered a gyroscope?
Q-2. In the drawing in figure 2.1-1, which axis is the gyro spin axis?
Q-3. What gyro property causes the gyro to remain in a fixed position?
Q-3. What gyro property causes the gyro to remain in a fixed position?
Q-5. In what direction will a gyro precession in response to an outside force?
EX-NAV111- C1L2L4-01-00
Basic Principles of Gyro Compass
Instructions:
Answer the following questions and write your answer on the space provided.
(this, space is reserve for the exercise answers)
QUESTIONS (Essay)
1. State the Basic Principles of Gyro Compass.
Answer:
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KEY EX-NAV111- C1L2L3-01-00
State the Basic Principles of Gyro Compass (Model answer Question 1)
Gyrocompass, navigational instrument which makes use of a continuously driven gyroscope to
accurately seek the direction of true (geographic) north.
Gyroscopes have two basic properties: rigidity and precession. Those properties are defined as
follows:
RIGIDITY — the axis of rotation (spin axis) of the gyro wheel tends to remain in a fixed direction
in space if no force is applied to it.
PRECESSION — the axis of rotation has a tendency to turn at a right angle to the direction of an
applied force.
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Reflective Writing
Introduction

Your perception

You’re learning after reading, studying on the references

Your new perception

What went right, what went wrong and what should done

Your synthesis
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ACTIVITY NAV11-C1L2-02-00
Operational Principles of Gyro Compass

Overview
This lesson will be focus on the Operational principles of instrument that measures direction
called Gyro Compass and its operational principles.
Instructions
Student Learning Guide (Always follow this guide, ask your instructors if you need help)
1 Read and Study Lesson NAV111-C1L2L4-01-00 and answer EX-NAV111- C1L2L4-01-00
Check your work by comparing your answers to the KEY EX-NAV111- C1L2L4-01-00
2 If you think you have reach mastery level then you can ask your instructor that you are
ready to take the assessment or wait until will make a class assessment.
3 After you pass the assessment. Proceed to the next activity or lesson.
Learning Outcome:
After this lesson, the student will be able to:
3.1 Explain the principles of GYRO compass.
3.1.1 Learning Objectives:
After this exercise you will be able to:
.1 Explain the Operational principles of GYRO Compass including its Errors
.2 Describe the causes of each Error of Gyro Compass
LESSON NAV111-C1L2L4-01-00
OPERATIONAL PRINCIPLES OF MAGNETIC COMPASS
One form of gyroscope is a spinning wheel mounted so that the direction of its spin axis has
universal rotational freedom. The spin allows the mass, or inertial, properties of the material in
the wheel to be used continuously and thereby gives rise to a relatively large gyroscopic
momentum or inertia in a moderate-sized wheel.
It operates by seeking an equilibrium direction under the combined effects of the force of
gravity and the daily rotation of the Earth. As such, it is immune to magnetic interferences such
as those caused by ore deposits, steel structures, or electric circuits. These properties make the
gyrocompass a prime navigational device in ships and submarines. It has found extensive use on
ships as a reliable compass for navigation of any ship.

25

Principles of Magnetic and Gyro Compass

CHAPTER 1

Navigational Instruments

THIS NOTES IS NOT FOR SALE
The important property of a practical gyroscope is its angular momentum—the product of its
spin and its inertia about the spin axis. This quantity is a vector, since it has both direction and
magnitude. The angular momentum vector may be conveniently represented by curling the
fingers of the right hand in the rotational sense of the spin, the extended thumb of the hand
then pointing in the direction of the angular momentum vector. The angular momentum is
nearly parallel to the spin axis in a practical gyrocompass.

BASIC GYRO ELEMENTS
The gyro shown in figure 2.1-5 is a basic, universally
mounted gyro, sometimes called a free gyro. Its
components are rotor, inner gimbal, outer gimbal, and
base or support.
Gimbals are devices that permit the rotor to assume
any position and retain that position when the support
is tipped or repositioned. Note that in figure 2.1-5, the
support may be moved about all axes without the rotor
position being disturbed. As you know, gravity is a force
that acts along parallel lines upon each particle of
matter. A plot of the resultant gravitational force on a body such as a gyro would be equivalent
to the sum of these separate forces. The point at which the resultant force is applied is called
the CENTER OF GRAVITY. To have a balanced gyro, the center of gravity must be located at the
intersection of the three axes of the gyro
To have a balanced gyro, the center of gravity must be located at the intersection of the three
axes of the gyro.
RIGIDITY
A gyroscope is a spinning body that tends to keep its spin axis rigidly pointed in a fixed direction
in space.
What do we mean by "fixed direction in space"?
A fixed direction on Earth is by no means fixed in space, because the Earth turns once on its axis
every 24 hours, and makes a complete revolution around the sun every year.
The sun itself is moving through space, taking the Earth and the other planets with it. Because
of these motions, the expression "fixed direction in space" as used in this explanation is
theoretical.
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For all practical purposes, we can say a line from the Earth to a distant star is a fixed direction in
space. If the spin axis of a spinning gyro is pointed at a distant star, it will remain pointed at the
star as the Earth turns.
Gyro rigidity is the strength with which a gyro resists any external force that would tilt its rotor
spin axis. There are three factors that determine gyro rigidity: weight of the rotor, distribution
of this weight, and rotor speed.
The gyro can be considered as an enclosed mechanical system. The energy in the system is
equal to the input energy. Hence the energy necessary to spin the gyro rotor is contained in the
rotor as angular momentum, which is a function of rotor weight and the speed of rotor
rotation.
The heavier the gyro rotor, the larger the torque necessary to spin it, and the greater the
angular momentum of the rotor. If we have two rotors with identical shapes but different
weights spinning at the same velocity, the heavier of the two will be more rigid in its spin axis
since it has the greater angular momentum.
Now let's look at the effect of weight distribution in the rotor of a gyro. Consider three rotors of
the same weight, as shown in figure 2.1, view (A), view (B), and view (C), with the diameter of
one rotor half the diameter of the other two. Now, when we spin these rotors at the same
speed, we find that the rotors with the greater diameter are much more rigid than the one with
the smaller diameter.
Next, we find that we can make the rotors equally rigid by causing the rotor with the smaller
diameter to spin faster than the larger rotors.
Thus rigidity depends both on speed and distribution of weight. The weight of the larger rotor
being farther away from the axis of spin causes it to be more rigid. This effect is even more
pronounced if we shape the rotor as shown in view C of figure 2.1C. Shifting as much weight as
possible to the outer rim of the rotor increases rigidity even further.
Now let's look at the effect of weight distribution in the rotor of a gyro. Consider three rotors of
the same weight, as shown in figure 2.1, view (A), view (B), and view (C), with the diameter of
one rotor half the diameter of the other two. Now, when we spin these rotors at the same
speed, we find that the rotors with the greater diameter are much more rigid than the one with
the smaller diameter.
Next, we find that we can make the rotors equally rigid by causing the rotor with the smaller
diameter to spin faster than the larger rotors.
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Thus rigidity depends both on speed and distribution of weight. The weight of the larger rotor
being farther away from the axis of spin causes it to be more rigid. This effect is even more
pronounced if we shape the rotor as shown in view C of figure 2.1C. Shifting as much weight as
possible to the outer rim of the rotor increases rigidity even further.
PRECESSION
To provide useful information, a gyro's spin axis must be related to some reference, usually the
Earth's surface. This is done by using the second fundamental property of a gyro—PRECESSION.
The gyro is processed until its spin axis is pointed in the desired direction.
So far we have covered precession in very general terms. The following paragraphs will cover
this "gyro action" in more detail.
We can show precession by using the models in figure 2.1-7, view (A) and view (B). The gyro
wheel is mounted so it is free to have its spin axis pointed in any direction. Here the wheel
rotates in a flat loop called the gyro case (inner gimbal). The gyro case is pivoted in the gimbal
ring (outer gimbal) and the gyro can swing about the Z axis. The gimbal ring itself turns on
pivots that connect it to the fork (support). The fork permits the gyro to tilt from side to side
about the Y axis
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Regardless of how the fork is placed, the spinning gyro wheel is free to lie in any given plane.
That's why it is called a free gyroscope in this type of mounting. To show the effect of
precession, we can push down on the gimbal ring at point A at the nearer end of the Z-Z axis.
(See view A of 2.1-7.) You might expect the ring to tilt around the Y-Y axis. Instead, the gyro
case will tilt about the Z-Z axis. You can see the effect of this precession in view B.
1. First rule that applies to all spinning gyros:
THE GYRO WILL ALWAYS PRECESS AT RIGHT ANGLES TO THE DIRECTION OF THE APPLIED
FORCE. Look at view A again. If we keep pushing down on the gimbal ring at point (A), the gyro
case will keep turning until the spin axis of the gyro wheel is horizontal. Then there will be no
further precession. At this point the gyro wheel will be spinning in the same direction in which
the applied force is pushing.
2. Second rule Here's another rule:
A GYRO ALWAYS PRECESSES IN A DIRECTION TENDING TO LINE ITSELF UP SO THAT ITS ROTOR
SPINS IN THE SAME DIRECTION THAT THE APPLIED FORCE IS TRYING TO TURN IT.
In other words, the direction of spin chases the applied force. When the direction of spin and
the applied force are in the same direction, precession stops.
Now, compare the spin (X) axis in the two parts of 2.1-7. In view A, the spin axis is vertical. In
view B, the spin axis has moved from the vertical until it is much closer to being horizontal. By
applying the right amount of force in the right place, we have a method of "aiming" the spin
axis so that it points to the specific fixed direction in space where we want it. The property of
PRECESSION makes the property of RIGIDITY useable.
You should understand that most forces, when applied to the gyro mounting, do not cause
precession. For instance, you can swing the fork around in any direction, and the motion will
merely be taken up in the Y-Y and Z-Z axes. Similarly, a force applied lengthwise along one of
the axes will have no effect.
Any force acting through the center of gravity of the gyroscope does not change the angle of
the plane of rotation but moves the gyroscope as a unit. The position of its spin axis in space is
not changed.
Such forces as those stated above, operating through the center of gravity, are forces of
TRANSLATION.
In other words, the spinning gyroscope may be moved freely in space by means of its
supporting frame, without disturbing the plane of rotation of the rotor. This condition exists
because the force that is applied through the supporting frame, acting through the center of
gravity produces no torque on the gyro rotor.
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Gravity Control
Free gyroscope can be made north-seeking by the use of gravity control and describes the
resulting oscillations of the axis
There are many types of gyrocompasses. The ones used on ships need no magnets to find north
and will find it pretty much on their own. The axis of the compass syncs with the axis of the
earth. It will also tell you how far north or south you are.
The Sperry Gyro Compass
The Sperry gyrocompass is a good example. The gyro must be started generally pointing north
or else it will take a long time to get accurate and might point south. The pendulum is limited to
north and south not east and west. There is no spring. The pendulum is not directly hung from
the gyro. As the earth turns the pendulum will pull on the gyro unless the gyros axis is parallel
to the earths spin. It has to be further damped to keep the axis from precessing in circles. It
might be possible to do this damping with friction but as I recall it is done with a little spring
that pushes the precessional force slightly off of 90 degrees.
North finding Gyro compass
Unless started pointing directly at the Celestial Pole, the axis of a ‘free’ rotating Gyroscope on
the Earth’s surface will appear to rotate about the Celestial Pole with East-West ‘Drift’ and
North- South ‘Tilt’, due to the rotation of the Earth beneath it. To make a free Gyroscope into a
North- finding Gyro Compass, this ‘Drift’ rotation must be compensated, a ‘Gravity Control’
introduced for ‘Tilt’, and then ‘Tilt’ must ‘damped’ into a spiral which will settle on True North.
Earth’s Rotation Drift Compensation. The compensation necessary for the East-West ‘Drift’ is
proportional to both Latitude and Hemisphere. It is achieved by applying a suitable force to the
side of the casing, originally as a weight called the ‘Latitude Rider’, but now achieved
electronically.
North-Seeking
To make the Gyro ‘North-seeking’, a ‘Gravity Control’ was introduced for ‘Tilt’; originally the
casing was made top-heavy by a theoretical ‘bail-weight’, but is now achieved electronically.
This resulted in the Gyro making an elliptical rotation about North and the horizontal (i.e.
‘North-seeking’ or ‘undamped’, but NOT ‘North-finding’). See Figure 2.11A.
North-Finding, to make the gyrocompass north finding an unequal precession must be
introduced, resulting in the elliptical ‘undamped’ motion being changed into a spiral ‘damped’
motion, settling horizontally on True North. This was originally achieved by slightly offsetting
the Gyro’s bottom cone bearing from the vertical plane, but is now achieved electronically. See
Figure 2.11B

30

Principles of Magnetic and Gyro Compass

CHAPTER 1

Navigational Instruments

THIS NOTES IS NOT FOR SALE

GYRO COMPASS & ITS ERRORS
Gyro Compass
A gyro compass is a non-magnetic compass which is based on a wheel/disc that rotates at high
speed about it’s spin axis as well as the rotation of the earth.
x

Gyro compasses have two main advantages over magnetic compasses:
9 They find true north as determined by the axis of the Earth’s rotation’
9 They are unaffected by ferromagnetic materials.

The gyro compass losses all horizontal directive force as the poles are approached and is
thought to become useless at about 85° of latitude. It is generally reliable up to 70° but
thereafter should be checked by azimuths of celestial bodies at frequent intervals (about every
4 hours and more frequently in higher latitudes).
DAMPING/SETTLING ERROR
This error is present in a compass which is damped in tilt. A compass damped in tilt always
settles east of the meridian and above the horizon in NH, and vice-versa. Its magnitude
depends on the observer’s latitude.
At equator, the error is nil. The error is eastward in all northerly latitudes, and vice-versa.
For the purpose of damping error, a latitude rider / adjuster is provided with the gyro compass
which shifts the lubber line equal to the amount of error in the appropriate direction.

31

Principles of Magnetic and Gyro Compass

CHAPTER 1

Navigational Instruments

THIS NOTES IS NOT FOR SALE
STEAMING (COURSE, SPEED AND LATITUDE ERROR)
A gyro will always settle on the meridian, however when it is on a ship/vessel the gyro compass
will be subjected to the movement of the earth AND the movement of the vessel. Imagine a
ship steaming northward. As it moves around the curvature of the earth the gyro, attempting to
remain directed to a fixed point in space, will start to tilt upwards. The direction, in which the
compass settles, is therefore, different to the direction of the True North and depends on ship’s
course, speed and latitude of the observer.
This error also increases as the observer’s latitude increases. The error is westward on all
Northerly courses and vice-versa.
In exactly E-W courses, the error is nil. In exactly N-S courses, the error is maximum.
MANEUVERING (BALLISTIC) ERROR
This error occurs whenever the ship is subject to rapid changes of speed or heading. Because of
its pendulous nature, the compass gravity control moves away from the centre of gravity
whenever the vessel changes speed or alters course. Torque produced about the horizontal and
vertical axis by maneuvering cause the gyro mechanism to process in both azimuth and tilt. If
the ship is steaming due north and rapidly reducing speed, mercury will continue to flow into
the north pot, or the gravity pendulum continues to swing, making the gyro spin axis north
heavy and thus causing a precession in azimuth.
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EX-NAV111 C1L2L4-01-00
Operational Principles of Gyro Compass
Instructions:
Answer the following questions and write your answer on the space provided.
(this, space is reserve for the exercise answers)
QUESTIONS
1. State the Operational Principles of Gyro Compass and its error
Answer:

1. Describe the causes of each Error of Gyro Compass
Answer:
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KEY EX-NAV111- C1L2L4-01-00
1. State the Operating Principles of the Gyro Compass and its error (Question 1 Model
answer)
One form of gyroscope is a spinning wheel mounted so that the direction of its spin axis has
universal rotational freedom. The spin allows the mass, or inertial, properties of the material in
the wheel to be used continuously and thereby gives rise to a relatively large gyroscopic
momentum or inertia in a moderate-sized wheel.
It operates by seeking an equilibrium direction under the combined effects of the force of
gravity and the daily rotation of the Earth. As such, it is immune to magnetic interferences such
as those caused by ore deposits, steel structures, or electric circuits. These properties make the
gyrocompass a prime navigational device in ships and submarines. It has found extensive use on
ships as a reliable compass for navigation of any ship.
The Gyro compass error are the following, DAMPING/SETTLING ERROR, STEAMING (COURSE,
SPEED AND LATITUDE ERROR) and MANEUVERING (BALLISTIC) ERROR.
2. Describe the causes of each Error of Gyro Compass (Question 2 Model answer)
The DAMPING/SETTLING ERROR is present in a compass which is damped in tilt. A compass
damped in tilt always settles east of the meridian and above the horizon in NH, and vice-versa.
Its magnitude depends on the observer’s latitude.
9 At equator, the error is nil. The error is eastward in all northerly latitudes, and viceversa.
9 For the purpose of damping error, a latitude rider / adjuster is provided with the gyro
compass which shifts the lubber line equal to the amount of error in the appropriate
direction.
The STEAMING (COURSE, SPEED AND LATITUDE ERROR), when the gyro compass in installed
on ship:
9 The compass will be subjected to the movement of the earth and the movement of the
vessel, as it moves around the curvature of the earth the gyro, attempting to remain
directed to a fixed point in space, will start to tilt upwards.
9 The direction, in which the compass settles, is therefore, different to the direction of
the True North and depends on ship’s course, speed and latitude of the observer.
9 This error also increases as the observer’s latitude increases. The error is westward on
all Northerly courses and vice-versa.
The MANEUVERING (BALLISTIC) ERROR, this error occurs whenever the ship is subject to rapid
changes of speed or heading:

34

Principles of Magnetic and Gyro Compass

CHAPTER 1

Navigational Instruments

THIS NOTES IS NOT FOR SALE
9 Because of its pendulous nature, the compass gravity control moves away from the
center of gravity whenever the vessel changes speed or alters course;
9 Torque produced about the horizontal and vertical axis by maneuvering cause the gyro
mechanism to process in both azimuth and tilt;
9 If the ship is steaming due north and rapidly reducing speed, mercury will continue to
flow into the north pot, or the gravity pendulum continues to swing, making the gyro
spin axis north heavy and thus causing a precession in azimuth.
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Reflective Writing
Introduction

Your perception

You’re learning after reading, studying on the references

Your new perception

What went right, what went wrong and what should done

Your synthesis
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